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I. INTRODUCTION 


Although the first pantodont to be discovered, ap- 
parently a specimen of Coryphodon, was found almost 
a hundred and fifty years ago in France, the rate of dis- 
covery of new genera and species of Pantodonta was 
not high before 1900. Within the last thirty years 
more pantodont genera have been proposed than in the 
whole of the previous century. Considering the wide- 
spread efforts of early collectors it is unusual that so 
many of these largest of Paleocene mammals should 
have escaped detection so long. 

During the 1930’s an extensive series of Paleocene 
pantodont skeletal material collected in 
County, Colorado, by Professor Bryan Patterson and 
held parties of the Chicago Natural History Museum. 
This material, which included some of the most com- 
plete Paleocene mammalian skeletons ever discovered, 


was Mesa 


made necessary a reconsideration of the taxonomy and 
anatomy of the Pantodonta. This revision reached its 
most recent expression in Patterson (1939a). 

The present study was initiated by the collection of 


‘Present address of author: Zoological Laboratory, Univer- 
sity of Pennsylvania, Philadelphia. 


many new pantodont specimens over the past twenty- 
nine years by Princeton University field parties under 
the direction of Dr. G. L. Jepsen in the Bighorn Basin 
of Wyoming, in Fallon and Carter Counties, Montana, 
and at the type locality of Titanoides primaevus near 
Fort Buford, North Dakota. Recovery of pantodonts 
during the last ten years in Big Horn County, Wyo- 
ming, to the southeast of the Polecat Bench has been 
particularly extensive and has yielded more or less 
fragmentary remains of over fifty individuals. These 
new materials and others now available make possible 
and desirable a fuller analysis of the Pantodonta than 
has been previously attempted. 

The procedure of this paper will be to present first 
a taxonomic review of the Pantodonta with a descrip- 
tion of new genera and species, and then a discussion 
of the skeletal anatomy of the various pantodonts, their 
stratigraphic occurrence, their ecology (as reflected by 
their sedimentary environments of fossilization and by 
their anatomy ), and finally a consideration of the rela- 
tionships of the Pantodonta to other orders of mam- 
mals. 
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Il. HISTORY OF STUDY 


Although recent discoveries have entirely changed 
earlier conceptions as to the nature of the Pantodonta, 
some knowledge of this group goes back almost to the 
beginning of the study of fossil mammals.  Cailleux 
(1945) reports that the first member of this order to 
be discovered was a skeleton belonging to Coryphodon 
sp. which came to light near Soissons, France, in 180/, 
but that the specimen was lost before the paleontologist 
Cuvier learned of its existence. Consequently, not 
Cuvier but the British anatomist, Sir Richard Owen, 
was the first to describe a member of the group of 
mammals now designated as the Pantodonta. This 
he did in 1845, basing his description of the new form, 
Coryphodon eocaenus, principally on a lower right 
third molar and the posterior half of the second, from 
the London clays. Owen initially recognized the tapir- 
like appearance of these lower molars—certainly a 
striking example of convergence between the two torms. 
He reports (1846: 305), 


The abundance and variety of the fossil remains ot 
fruits, most of them of a tropical character, which have 
been obtained from the same deposits of eocene clay as 
that which yielded the subject of the present section, be- 
speaks the extent and nature of those dark and dense 
primeval forests in which the Coryphodon obtained its 
subsistence. In size, the ancient British Tapiroid quad- 
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ruped ust have surpassed the largest Tapir of South 
Americ or Sumatra, by one-third. The unique fossil 
specime 1 Which has led to its determination was dredged 
up fro the bottom of the sea, between St. Osyth and 
Harwic!) on the Essex coast, and now forms part of the 
interest :ng and instructive collection of my esteemed friend, 
John lsrown, Esq., of Stanway Green, near Colchester. 
The specimen is petrified, and heavily impregnated with 
metallic salts; it presents the usual rich deep brown colour 
of the fossil bones of the London clay: the pyritic matter 
which sparkles in the cancelli of the bone, and which lines 
the pulp-cavity of the broken molar tooth, leaves no room 


for doubt as to the fossil having been originally imbedded 
in that eocene tertiary formation of the Harwich coast. 


In 1856 Hebert described a new species of Owen’s 
genus from specimens collected in the Paris basin and 
in Owen's honor named the new species Coryphodon 
owen. 

During the 1870's discoveries of Coryphodon were 
made in North America by Cope and Marsh, but at 
first Cope (1872a) did not recognize their similarity 
to Coryphodon and therefore placed these specimens in 
anew genus Bathmodon. In 1873 Marsh pointed out 
the error, but Cope, although recognizing that some 
of these specimens belonged to Coryphodon, estab- 
lished four other genera as well, and eventually de- 
Farle in 1892 
these to ten species and three genera, and Osborn 
(1898) referred all these genera to one genus, Co- 
ryphodon, recognized ten species previously described, 


scribed twenty-one species. reduced 


and established three new ones. 

Because of the resemblance between the lower molars 
of Coryphodon and of the tapir, Owen regarded this 
form as a perissodactyl—an opinion echoed by Marsh in 
1876 when he proposed a distinct family for this genus, 
the Coryphodontidae. However, in the previous year 
Cope had already established for Coryphodon a distinct 
suborder, the Pantodonta, and he placed this group, 
along with the Dinocerata (which Marsh had proposed 
as a distinct order in 1872) in a new order, the Am- 
blypoda. 

The ensuing taxonomic history of the pantodonts 
has been summarized by Simpson (1937a: 265) and 
will not be repeated here, except to point out that the 
uintatheres (Dinocerata) and the 
pantodonts has been proven erroneous as a result of 
the work of Wood (1923), of Simpson (1929 and 
later), and of Patterson (1939a). 

A further clarification resulting from the work of 


association of the 


these authors was the demolition of Cope’s suborder 
Taligrada, due to the removal of the Periptychidae by 
Simpson (1937a: 216-224) and the demonstration of 
affinity between Coryphodon and the pantolambdids 
brought about largely as the result of the work of 
Patterson (1939 and earlier). 

The included here tend to con- 


recent discoveries 


1Cailleux (1945) suggested that Coryphodon ecocaenus and 
Coryphodon oweni differ in size and age; the former being 
smaller and older. 
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firm the essential unity of the order Pantodonta as 
redefined by Simpson (1937a: 265-269), and to em- 
phasize their primarily subungulate affinities. 


Il. SYSTEMATIC REVISION 


INTRODUCTION 


Ideas about the taxonomic relationships of the ar- 
chaic mammalian order Pantodonta, both to other 
orders and within the group itself, have previously gone 
through several distinct stages. A highly subjective 
element will probably always be present in the study 
of this group of mammals which is so far removed 
from living forms and which exhibits such a curious 
admixture of similarities in the posterior dentition 
with pronounced structural distinctions in the anterior 
teeth and in the pes. To some students there seems 
to have been, in the past, an unwarranted amount of 
splitting of species in this order and the production of 
too many monotypic genera. 

In the classification here attempted, however, an ef- 
fort has been made to avoid basing taxonomic distinc- 
tions on slight characteristics that do not suggest adap- 
tations of the sort that in living forms are associated 
with discrete populations (or species). It should also 
be pointed out that for genera such as Titanoides, 
Barylambda, Leptolambda, and Pantolambda there are 
now known many partial skeletons. This multiplicity 
of specimens assigned to these genera strongly rein- 
forces their validity, but at the same time other frag- 
mentary materials show that recovery of a reasonably 
full sampling of the Paleocene pantodont genera and 
species of North America is by no means complete. 
The possibility remains that through splitting of a sort 
not attempted here (based on size differences, for ex- 
ample), additional species could be established. Fur- 
ther discoveries, moreover, will certainly alter the 
present taxonomic interpretation. 

In order to amplify classificatory data for the Panto- 
donta, the ratio diagrams included in part A of the 
Appendix were constructed.?, These diagrams can be 
informative in two primary regards: first, in represent- 
ing the distinctions in proportion between the denti- 
tions of different pantodont species, and second, in 
indicating the variability of proportion among individ- 
uals within a single species. It could be argued that 
not much taxonomic weight should be given to such 
comparisons of linear proportions and that a more 
direct and significant analysis is the evaluation of cusp 
shape, and occurrence or absence of dental structures. 
For the Pantodonta, however, the differing length- 
width proportions in the tooth series, particularly those 
of the lower dentition, seem to reflect rather consistent 
and taxonomically significant differences. An example 


2 These diagrams are based on the logarithmic scale follow- 
ing the suggestion of Simpson (1941: 23), which is also briefly 
outlined at the beginning of Appendix A. 
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of such a difference in proportions is that the upper 
molars of Titanoides consistently increase in size from 
front to back, while in Haplolambda this series typically 
decreases in size posteriorly. 

One possible explanation of the combination of pro- 
nounced similarities in the dentition with more mark- 
edly different post-cranial structures, mentioned above 
as being characteristic of the Pantodonta, could be 
that this is due to our knowledge of the order at a time 
close to its initial radiation. Since the origin of nearly 
all Cenozoic orders of mammals appears to have taken 
place in the Paleocene epoch, or before, and the Pan- 
todonta are the earliest of these groups for which many 
almost complete skeletons have been recovered, there 
is presumably no other Tertiary mammalian order 
that is so well known at such an early stage in the 
evolution of the placental Mammalia. The Paleocene 
pantodonts probably represent part of the initial adap- 
tive radiation of the North America at 
least, there were not many other large mammals in the 
Consequently, the pantodont stock 
would have differentiate into a 
variety of basic adaptive types than has usually been 
possible in one phylum in later times. For instance, 
neither the order Carnivora nor Artiodactyla exhibit, 
during any one Tertiary epoch, so wide a diversity of 
foot types as do the Pantodonta, which include forms 
with fully developed claws, flattened fissured unguals, 
and elephantine unguals. Competition between the 
various species of large pantodonts themselves might 
have been the compelling force to bring about selective 
differentiation of the order. If this hypothesis is cor- 
rect, it may answer the objection that in the absence 
of many other large mammals creating competitive 
pressures, the group would tend to remain undiffer- 
Of course, it would be premature to assume 


order. In 
middle Paleocene. 


been more free to 


entiated. 
that the full complement of large mid-Paleocene terres- 
trial vertebrates has yet been discovered. Certainly 
enough is known to suggest that the diversity of pan- 
todont types arose as the result of the absence of an 
extensive large mammalian fauna, and that the Tiffan- 
ian and later pantodont radiation occurred in a way 
somewhat analogous to the flowering of groups of 
mammals isolated from competing forms on islands, 
such as the Lemuroidea on Madagascar, which has 
produced such distinctly adapted forms as Daubentonia 
and Megaladapis. 

The following classification takes into account the 
observation of Simpson (1953: 342) that ‘our recog- 
nition of a higher category is ex post facto” and that in 
some ways the resemblance between the extant orders 
increases as one goes back in time so that, as he re- 
marks elsewhere, if a the Mammalia 
were living in early Tertiary times, he might be 
tempted to consider many of the primitive groups of 
mammals only families instead of orders. In other 
words, part of the justification of the present mam- 
malian taxonomy of the early Cenozoic is the result of 


taxonomist of 
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projecting backward in time concepts that are rooted 
in the more highly distinctive end products of the 
various mammalian orders living today. Some doubt 
has been cast by previous writers on whether or not 
the Paleocene orders in general, and the Pantodonta 


‘in particular, are based on as distinctive characters as 


those which separate some living orders, for example, 
Chiroptera, Cetacea, and Perissodactyla. 

The same problem exists when one is attempting 
to justify the validity of early Tertiary families within 
an order, and the degree of distinctiveness which makes 
necessary familial separation has been a major point 
of consideration in constructing the classification which 
The present study has indicated that there are 
at least four major adaptive types belonging to this 


follows. 


order and that there are no species which are certainly 
transitional between any of these four groups. Three 
Panto- 
lambdidae, and Barylambdidae, have already been ree- 
ognized as distinct families. The realization that the 
pantodonts included in the genus Titanoides represent 
a highly specialized stock with digging claws and trans- 
versely flattened, sabre-like upper canines has neces- 


of these assemblages, the Coryphodontidae, 


sitated their removal from the Coryphodontidae as it 
Patterson (1939a: 370), and the 
Titanoideidae (Scott, f 


was last defined by 
1937)) for 
their reception. As long as forms transitional between 
the Pantolambdidae and Coryphodontidae (Corypho- 
don, Eudinoceras, Hypercoryphodon) are not known, 
it seems preferable to retain the family Pantolambdidae 
as a distinct primitive stock. Placing the latter family 
in any one of the three other divisions would be arbi- 
trary, for the Pantolambdidae are about equally re- 
moved from them all. 

It is unlikely that there was a sufficient lapse of 
time between the late Torrejonian, in which the earliest 
pantolambdids appear, and the early Tiffanian from 
which the first barylambdids are known, for the former 
to have given rise to the latter. It is still less likely 
that the Pantolambdidae are ancestral to the Titan- 
oideidae which are known from the Torrejonian, at 
levels presumably very close in time to the earliest pan- 
tolambdids. The phyletic connections of the Coryph- 
odontidae with any of the other three families are en- 
tirely uncertain, and the assumption that they are 
descended from any of the known earlier groups of 
pantodonts is not indicated by present evidence. 

The aberrant Asiatic mammalian family, known only 
from the Eocene of Inner Mongolia, the Pantolambdo- 
dontidae (Granger and Gregory, 1934), are not in- 
cluded in this classification because a reexamination 
of the lower dentitions of Pantolambdodon inermis and 
Pantolambdodon fortis at the AMNH has placed still 
more doubt on their originally tenuous reference to 
the Pantodonta. Simpson has suggested (personal 
communication) that the two species may not even be 
distinct, and it would appear from the original de- 
scription that Pantolambdodon fortis is distinguished 


resurrection of the 
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from /’antolambdodon inermis by size alone. The 
latter -pecies is approximately twenty per cent smaller 
in the few corresponding measurements that can be 
taken in the two forms. 


Granger and Gregory (1934: 5), after a wide rang- 
ing discussion of their reasons for not referring this 


family to any order other than the Pantodonta |Am- 
blypoda|, have the following to say about affinities 
with this group: 

When we come to Pantolambda and Titanoides, however, 
we find some apparently reliable indications of remote re- 


lationship to the Mongolian types, especially in the form 
of the premolars and molars. In spite of the fact that 
Titanoides is a graviportal form almost as big as Corypho- 
don, it shares the following features with the Mongolian 
fossils: (1) dental formula of primitive placental type; 
(2) Pi, Ps compressed; (3) talonid fossa of premolars 
formed between the posterior ridge connected with the 
main cone and a transverse metaconid ridge; (4) molar 
talonids with V-shaped crests; (5) talonid of Ms narrower 
than trigonid; (6) Ms with reduced or no hypoconulids ; 
(7) Ma, Me with no trace of hypoconulid; (8) molars not 
crowded but slightly spaced; (9) coronoid process inclined 
backward. J itanoides is distinguished from the Mongolian 
forms by its relatively gigantic size, powerful, more erect 
incisors and canines; relatively shorter, more massive 
jaw, Qe." 

Admittedly the Pantolambdodontidae are a most diffi- 
cult group to assign, and Granger and Gregory’s tenta- 
tive association of them with Pantolambda and Titan- 
oides must have seemed at that time preferable to 
considering the group incertae sedis. Further, on neg- 
ative grounds, it was more reasonable in 1934 to refer 
this group to the Pantodonta than it is today, because 
the close similarities of all pantodont lower dentitions, 
particularly of the lower premolars, were not then 
fully realized. Consequently, the vague resemblances 
of the lower dentition of Pantolambdodon to the Pan- 
todonta could more easily be supposed to be within 
the limits of the order. 
that the occurrence of the nine characters quoted above 
in both groups is an adequate indication of relation- 
ship. The first and second characters in which the 
two groups agree are typical of many other orders, for 
example, Notoungulata and Litopterna. The third 
character concerning the construction of the talonid 
fossa of the premolars is not valid, for the dominant 
posterior ridge of the protoconid of Pantolambdodon 
is joined at right angles by the metaconid crest, while 
in the Pantodonta the continuous crest runs from the 
protoconid to the metaconid and is joined at right 
angles by the posterior ridge, here considered serially 
homologous with the crista obliqua—a distinctly dif- 
The fourth, fifth, and seventh char- 
acters given by Granger and Gregory constitute real 
similarities between the two groups; but their many 
dissimilarities strongly suggest, if they do not confirm 


Moreover, it does not appear 


ferent condition. 


* Evidently Granger and Gregory, when they speak of Titan- 
odes, are referring to Barylambda faberi, which was originally 
assigned to T1tanotdes. 
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(in the minds of some workers) that these three re- 
semblances do not reflect close affinities. The sixth 
proposed feature of resemblance, reduced or absent 
hypoconulids on the M,, is not very relevant because 
hypoconulid cusps do occur here in Coryphodon and 
Titanoides. The eighth feature is incorrect because 
pantodont molars are typically crowded. The ninth 
character is that the coronoid process was said to be 
inclined backward in a similar way in both groups, but 
no known pantodont species has such a backward in- 
clination of the coronoid process as that present in 
Pantolambdodon. 

Granger and Gregory (1934: 6) add that: “From 
Pantolambda the present form differs in its much more 
elongate slender jaw, somewhat procumbent front 
teeth, more hypsodont cheek teeth, compressed pre- 
molars; the molars have much larger anterior V’s; 
the ascending ramus slopes backward and is distinctly 
delicate.” To differences may be added the 
following distinctions which appear to be adequate to 
remove Pantolambdodon from the Pantodonta entirely. 
First, Dr. G. L. Jepsen on examination ot the two 
paratype specimens of Pantolambdodon inermis \M- 
NH 22100 and 21748, collected in the 
from the same locality * has recently discovered that 
on the posterior surface of the supposed MM, of 
AMNH 22100 there is a mitten-shaped wear surface 
which fits exactly into an identical wear surface on the 
anterior face of the supposedly isolated M., AMNH 
21748 (see fig. 17). The separate molar also continues 
the molar series of AMNH 22100, for in this specimen 
there is a progressive reduction from M, to M, of 
the size of the talonids, coupled with an increasingly 
wider angle between the anterior and posterior talonid 
crests from front to back; and the isolated molar fol- 
lows both of these progressions. The conclusion that 
AMNH 21748 belongs with the other paratype as a 
lower M, seems inescapable. To those acquainted 
with mammalian taxonomy, this would appear to be a 
rash conclusion, but x-ray photographs and extensive 
comparisons with all specimens of Pantolam)dodon 


these 


same vyear 


make the presence of an M, in this genus highly prob- 
able. There are, however, two other possible inter- 
pretations of this sequence of four molaritorm teeth 
in the paratype of Pantolamkdodon, AMNH_ 22100. 
One is that the first tooth in the series is a molariform 
milk P,. In this case there should almost certainly be 
some indication of a permanent P, beneath the tooth, 
but x-rays do not reveal any such structure. Another 
alternative is that there was a molariform permanent 
P, which, if actually the case, is an entirely non-panto- 
dont feature. Moreover, comparison of the type and 
paratype of Pantolambdodon inermis strongly suggests 

t This locality is given on the specimen cards as four miles 
north of Tukhum Lamasery, Shara Murun region, Inner Mon- 
golia, and in Granger and Gregory (1934) as eight miles 


north of Tukhum Lamasery, but there is no reasonable doubt 
that the two specimens were collected at the same locality. 
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that there were four premolars, a canine, and three 
incisors anterior to the four molariform teeth. If the 
latter interpretation is correct, it rules out the second 
and third possibilities mentioned above. 

The type of Pantolambdodon inermis AMNH 21558 
may represent a young individual, judging by the lesser 
degree of wear on the M,.. and the extreme shallow- 
ness of the horizontal ramus (twenty per cent shallower 
than that of the paratype). Unfortunately, the type 
specimen lacks the M,, but posterior to the alveolus of 
the M.,, is a narrow cavity similar to that which often 
forms above a molar bud before it erupts. Although 
x-rays do not indicate a fourth molar unerupted, the 
presence of this cavity seems to be a further indication 
of a M, in this genus, particularly when this feature 
is taken together with the evidence of the paratype 
Another, but more implausible interpreta- 
tion that there than four pre- 
molars in Pantolambdodon. 

Reference of Pantolambdodon to the Marsupialia 
might be considered, but as far as is known at present 
no large marsupials existed anywhere in Asia during 


specimen. 


would be were more 


the Eocene epoch. 

The following differences of the Pantolambdodon- 
tidae from the Pantodonta should be added to those 
differences noted by Granger and Gregory: condyle of 
jaw much higher above the tooth row, jaw from base 
of ramus to condyle rounded with no posterior or 
ventral extension of the angle, and external division 
of molar trigonid and talonid shifted more posteriorly 
so that the groove between the two parts extends down 
the labial side of the posterior root. 

It is to be hoped that the upper dentition of Panto- 
Jambdodon may eventually be recovered, but until more 
complete evidence of this sort is found, there is es- 
sentially no basis for considering this genus a member 
of the Pantodonta. The case for including ‘Archaeo- 
lambda” Flerow (1952) in this order is sound, as 
will be pointed out in the discussion of the Barylamb- 
didae. I would suggest that the Pantolamdodontidae 
be considered protungulates, incertae sedis." 


OrDER PANTODONTA Cope, 1873 


(as suborder) 


Diagnosis: Archaic subungulates middle-sized (size 
of a fox, Vulpes), to large (size of a rhinoceros, 
Diceros). In all species the dentition is typically un- 
reduced (I 3/3, C 1/1, P 4/4, M 3/3), and brachyo- 
dont, showing some lophodonty. Upper molars show- 
ing primitive para- and metacone \-shaped crests, or 
retaining some indication of this condition (DP* of 
Coryphodon). Upper premolars with strongly de- 
veloped double V-shaped crests ot paracone, and para- 
metacone. Canines varying in size from very small to 


4a Recently Dr. McKenna has pointed out to me a number 
of interesting similarities between Pantolambdodon and certain 
Hyracoidea. 
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PRANS. AMER. PHII 


. SOC. 


tusklike. Skull and jaws comparatively massive with 
powerful muscle attachments, but usually small com- 
pared to body size. Brain small and primitive, and 
showing little advance through time or with increase 
in body size. Limbs massive and strong, and typically 
retaining primitive features such as free (or distin- 
guishable) centrale, separate radius and ulna, tibia 
and fibula, and with five-toed foot. Alternating ar- 
rangement of pes retained. Distribution: North Amer- 
ica, from middle Paleocene through early 
Kurasia, from early Eocene (? late Paleocene) through 


locene. 
middle Oligocene. 
SUPERFAMILY CORYPHODONTOIDEA (new 
rank, definition as for included family ) 
CORYPHODONTIDAE \arsu, 1876 


(new sense ) 


FAMILY 


Type: Coryphodon Owen, 1845, Odontography, or 
a treatise on the comparative anatomy of the teeth, 
etc., p. 607. 

Included genera: Coryphodon, Eudinoceras, Hy- 
percoryphodon. 

Distribution: Paleocene, Clarkforkian stage, Wyo- 
ming to Eocene, latest Wasatch stage, North America. 
Kocene, Sparnacian and equivalent 
Europe. Late Eocene of Western Mongolia, Ichang 
(Hupeh), China, and Dzungaria Basin, Sinkiang: 
Middle (?) Eocene, Kaojichuan, Sintai district, Shan- 
tung, China: to Middle Oligocene of Inner Mongolia, 
Asia. 

Diagnosis of family: Large, specialized, sub-gravi- 
portal forms, with full placental dentition.  Incisors, 
above and below, enlarged and_ spatulate; directed 
somewhat anteriorly. Canines above and below en- 
larged and tusklike and usually angled outward as 
part of a procumbent are including the incisors, giving 
the muzzle a hippotamoid flare; lower canine in some 
forms having an anterointernal ridge running upward 
from base, sometimes with an analogue of the premolar 
talonid on the posterior base of the lower canine. Dia- 
above and below, between canine and first 

Paraconids of lower premolars and molars, 


stages, 


Karly 


stemata, 

premolar. 
small; crista obliqua of lower molars reduced or absent. 
P, either one- or two-rooted, usually having two fused 
roots; protocone distinct. P?“* with labial tips of para- 
style and metastyle more compressed anteroposteriorly 


Lateral views of pantodont skulls. 
All approximately X 1/5. 


Fic. 1. 


A. Coryphodon Owen. 
B. Barylambda faberi Patterson. 
*. Titanoides primaevus Gidley. 
D. Haplolambda quinni Patterson. 
E. Caenolambda Gazin. Mandible Caenolambda jepseni, cra- 
nium Caenolambda pattersoni. 
F. Pantolambda cavirictus Cope. 
G. Pantolambda bathmodon Cope: 
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than in other families. Upper molars quadrate or sub- 
circular, never triangular; primitive \WV of paracone 
and metacone crests modified into a bilophodont pat- 
tern. 

Nares terminal anteriorly, moderately large; nasals 
long, of medium width; premanillaries large and heavy, 
with slight facial extension of ascending rami. Facial 
region only slightly deeper than cranial and with 
pronounced fossa behind the upper canine. 
roof of skull broad and flattened. No postorbital proc- 
Ventral surface of palate broadly expanded in 
region of internal nares, particularly in the Mongolian 


Posterior 
esses. 


Post-glenoid process comparatively large and 
mastoid 


species. 


relatively close to process ; paraoccipital 
process not entirely distinct from mastoid process. No 
broad exposure of anterointernal ventral face of petro- 


sal on basicranium, as in Titanoideidae. 


The post-cranial skeleton of the Coryphodontidae 
as here defined is known only in Coryphodon; its de- 
scription is consequently given under that genus. 

Discussion: The Coryphodontidae are by far the 
longest surviving and successfully adapted family of 
In this group specialization of the dentition 
There is evidently 


the order. 
reaches its most advanced stages. 
a trend in the dentition, from basically dilambdodont 
molars, present in the primitive species of Coryphodon 
toward the lophodont or sub-lophodont dentition of 
Hypercoryphodon of the Houldjin 
Gravels of Inner Mongolia. 

I should like to thank Dr. Malcolm 
pointing out that Flerow’s new pantodont species “Pro- 
coryphodon primaevus” might be Phenacolophus fallax 
(Matthew and Granger, 1925: 9) which is also from 
the Gashato formation of Mongolia. The type of 
Phenacolophus, AMNH 20411, as well as that of “Pro- 
coryphodon,” is rather poorly preserved, but, as the 
two forms agree in all clearly distinguishable features, 
there is no basis for separating them. ‘Procorypho- 
don” therefore falls into with Phenaco- 
lophus. It should also be pointed out that the sup- 
posedly primitive features of “Procoryphodon” put 
forward by Flerow as relating it to the ancestry of 
Coryphodon are not supported by the lower molar 
structure seen in the late Paleocene and early Eocene 
species of the latter genus from North America. At 
present the taxonomic placement of Phenacolophus is, 
Condylarthra, incertae sedis. The upper molars and 
lower premolars of this form show that it has nothing 
to do with the Pantodonta. In fairness to Flerow it 
should perhaps be mentioned that the bilophodont 
M., of Phenacolophus is rather like that of Coryphodon 
but the resemblance is no closer than that seen in the 
lower molars of some marsupials and in the tapir. 

In the most structurally primitive dentitions of the 
Coryphodontidae, such as that of Coryphodon proterus 
of the Clark Fork Paleocene (diagnosed below) and 
Coryphodon cinctus of the Wasatch Eocene, reduction 


mid-Oligocene 


McKenna for 


synonomy 





[TRANS. AMER. PHIL. soc, 


of the anterior crests of the trigonid and talonid \'s 
of the lower molars has progressed over that of the 
earlier pantodonts.* Other Wasatch species such as 
Coryphodon simus and Coryphodon armatus* show 
a further advance in that the dominant lophs run from 
the protoconid to metaconid, and from entoconid to 
hypoconid, while the paraconid crest and crista obliqua 
are low and poorly developed. This condition reaches 
its maximum development in the more bilophodont 
upper and lower dentition of the Eocene Eudinoceras 
and Oligocene Hypercoryphodon, both of which occur 
in Inner Mongolia. 

Eudinoceras mongoliensis was described by Osborn 
in 1924 from a single third or fourth left upper 
premolar, AMNH 20101, and as the would 
indicate, its primarily coryphodontoid features were 
not evident at that time. The anterior and_ posterior 
crests of the premolar paracone are lacking in /udino- 


name 


ceras, a condition which might suggest a trend toward 
the virtual absence of this cone in the Dinocerata and 
consequently an affinity to the latter group. After the 
discovery of nearly complete upper and lower denti- 
tions of Eudinoceras mongoliensis reported by Osborn 
and Granger in 1931 and 1934, it became evident that 
the species Eudinoceras mongoliensis, as well as a 
geologically earlier form Eudinoceras kholobolchien- 
sis,” had their nearest ally in Coryphodon and _ not 
among the uintatheres. The phyletic relationship of 
Eudinoceras to Coryphodon nevertheless remains uncer- 
tain. 
Europe, Asia, and North America in the early [ocene 


The occurrence of members of the latter genus in 


at least makes possible the derivation of Eudinoceras 
from Coryphodon from the zoogeographic standpoint. 
Since Fudinoceras does not possess any dental features 
not foreshadowed in the teeth of Coryphodon, it could 
have arisen from some species of the earlier genus. 
One slight distinction in the two forms is that the 
upper first premolar in Eudinoceras is two-rooted, 
which is not often the case in the North American 
species of Coryphodon. However, Cailleux (1945) re- 
ports that the first upper premolar of Coryphodon 
cocaenus is normally two-rooted, and even in the North 
American forms the root, if single, is usually separated 
into anterior and posterior halves by vertical grooves 
on its labial and lingual sides, suggesting that it may be 
No pantolambdid or bary- 
lambdid has a two-rooted upper or lower first 
Since two-rooted P'’s do occur in Coryphodon, 
there is no clearcut distinction from Eudinoceras in 
this respect. 
One rare feature of the upper dentition of Fudin- 
oceras which Osborn noticed in the type specimen, 
namely the absence of the premolar protocone crests, 


secondarily one-rooted. 
pre- 


molar. 


5 This reduction is more typical of specimens of Coryphodon 
of Wind River age. 

6 See Osborn, fig. 16 (1898a: 192). 

7 This species has also been reported from the red beds ot 
Ichang, China by de Chardin and Young (1936). 
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is part:illy developed in only two other types of panto- 
donts, ‘he species of Titanoides and in Haplolambda 
planic: ima. The latter species is Asiatic, having been 
recent!, discovered (Flerow, 1952), in lower Eocene 
deposits of the Nemegetou Basin, southern Gobi Desert 
of Mongolia. In spite of the reduction of the upper 
premolar protocone crests shared by these forms, there 
is little similarity in detail in this reduction and it 


apparently does not indicate a close affinity; for in 
other ways the dentitions of Eudinoceras, Titanoides, 
and Huplolambda planicanina are quite distinct. The 
upper premolars of Eudinoceras resemble those of 
Coryphodon in that their anterior and posterior mar- 
gins are convex, while in Titanoides they are concave. 
Most probably, therefore, the reduction of the pre- 
molar protocone crests in these forms is due to paral- 
lelism. Both Eudinoceras and the Oligocene H yper- 
coryphodon,* which is known only from a single skull 
lacking the mandible, share with Coryphodon cranial 
and dental features such as the trend toward bilopho- 
donty, the flaring muzzle, enlarged incisors, antero- 
posteriorly shortened basicranium and flattened upper 
surface of the cranium. Presumably these pantodonts 
are all part of a distinct Asiatic radiation of the coryph- 
odontids, of which Coryphodon was the primary, more 
widely distributed stage. That Hvypercoryphodon 
thomsoni was not a direct descendent of Coryphodon 
might be suggested by the much less extensive develop- 
ment of the flattened expansion of the saggital crest 
present in the type of the genus; but this gracility of 
the crest (as in the type of Coryphodon wortmani Os- 
born, 1898a: 212) may be neither a primitive nor a 
specific character, but the result of sexual dimorphism, 
disease, or of immaturity. In the latter cases, the 
narrow skull roof of Hypercoryphodon would not be a 
significant distinction from that of Coryphodon. 

Chow, 1957, has described a new species, Corypho- 
don flerowi, from beds which may be of middle Eocene 
(Lutetian) age from near Kaojichuan, Sintai district, 
Shantung, China, but there is little basis for dating 
this find. This new species is based on an isolated 
second upper molar, IVP 927, that has been stated to 
be more progressive than all other known species of the 
genus. In Coryphodon flerowi the posterior protocone 
crest dies out at the anterointernal base of the metacone 
instead of joining the posterior cingulum of the tooth 
as it does in other species of Coryphodon—a feature 
which does foreshadow the virtually complete supres- 
sion of this crest in Eudinoceras and Hypercoryphodon. 
In most North American specimens of Coryphodon sp. 
of Wind River age, such as PU 16824, the reduction 
of the posterior protocone crest and its separation from 
the posterior cingulum in the upper second molar are 
also evident but the condition is not as well developed 


8 The upper incisors of Hypercoryphodon reverse the size 
progression of the earlier pantodonts, in that the I! is the 
largest, judging from the alveoli preserved in the type, AMNH 
26384; see Osborn and Granger (1932: 5). 
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as in Coryphodon flerowi. However, many Corypho- 
don dentitions of Wind River age do show a somewhat 
greater reduction of the paracone in the upper second 
molar than is to be seen in Coryphodon flerowi, and 
in this respect approximate more closely the transverse 
upper molar “metaloph” of Eudinoceras and H yperco- 
ryphodon. 


CORYPHODON Owen, 1845: 607 


1845. 
155) and Os- 


Type: Coryphodon eocaenus Owen, 

Included species: See Earle (1892: 
born (1898: 191, 197).° 

Distribution: Clarkforkian stage, Paleocene, to 
latest \Wasatch stage, Eocene, North America. Spar- 
nacian stage, early Eocene, Europe. Middle (7) 
cene, Shantung, China."* 

Description and Diagnosis: Past studies of this 
pantodont have been largely concerned with describing 
(or with questions about the validity of) the twenty- 
eight proposed species of Coryphodon, and little atten- 
tion has been given to compilation of the characters 
of the dentition shared by of this 
Most of the skeletal distinctions are treated in 
terson’s useful paper (1939b) on Coryphodon /ele- 
phantopus. For an early definition of this genus, see 
(1892: 


IXo- 


members genus. 


Pat- 


Icarle 155). 


DENTITION 


Incisors above and below much larger comparatively 
than in other pantodont families, with lateral crest on 
each side giving the tooth a spatulate form, procumbent, 
and with basal cingulum in some species. Canines 
above and below large and tusklike, oval in cross 
section in most species, but not as elongated from front 
to back at the base as in Titanoides. P, separated from 
adjacent teeth by broad diastema anteriorly, and in 
most species a somewhat smaller one posteriorly. 
Paraconids of lower premolars and molars reduced. 
Trigonids of molars higher than talonids, ‘‘crista ob- 
liqua” (the anterior wing of the posterior molar V ) 
reduced and low, not reaching tip of metaconid. M, . 
talonids often wider than trigonids. M, talonid in 
earliest species with distinct entoconid, hypoconid, and 
hypoconulid cusps; but in structurally more advanced 
species with entoconid absent and with hypoconulid 
and hypoconid connected and forming a cross-loph per- 
pendicular to long axis of the tooth and parallel to a 


® The extreme confusion as to what constitutes a species in 
this genus makes it futile to list them here. A revision of this 
group should be facilitated by a collection of parts of fourteen 
individuals, including complete skeletons of Coryphodon from 
one locality made in 1950 and 1951 by field parties of the 
American Museum of Natural History in the San José forma- 
tion of the San Juan Basin of New Mexico. 


9a Since the above was prepared Chow has reported Coryph- 
odon of middle or early Eocene age as occurring in Sinyu, 
Kiangsi, South China (Vertebrata Palasiatica 3 (2), 1959). 
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similar protoconid-metaconid loph.'? Lower molars 
and premolars increasing in size from front to back. 
P' usually exhibiting slight development of a protocone. 
P*-* somewhat heart-shaped, having convex anterior 
and posterior margins, and lacking the constriction of 
the middle of the premolars seen in earlier pantodont 
genera which gives them concave anterior and posterior 
parametacone V and protocone VY, typical, 
but parastyle and metastyle directed slightly toward 
each other at the tips, instead of diverging as in the 
Pantolambdoidea. M'* with small paracone, 
times barely distinct, but with strongly developed crest 
or protoloph incorporating the protocone, protoconule, 


margins ; 


some- 


and parastyle, which is no longer attached to proto- 
Mesostyle and posterior wing of metacone V not 
Paracone and metacone tending to 
are 


cone, 
always present. 
form a straight crest or ectoloph, so that M'-* 
basically bilophodont. Hypocone occasionally present 
on M**, 


MANDIBLE 


Massive, with least depth posterior to M,; condyle 
relatively broad transversely; coronoid process and 
condyle high, angle usually not projecting as far pos- 
teriorly as in Barylambdidae; mental foramena_ typi- 
cally situated below P, and P., occasionally below M,,. 
Fusion of symphysis complete before eruption of M.,.,. 


CRANIUM 


Flattened roof of varying width. Zygomatic arches 
flaring but not always massive. Muzzle, as in all the 
Coryphodontidae, flaring; nasal opening not as large 
as in Barylambda or Titanoides and differing from 
latter genera in having a distinct facial extension of 
ascending process of premaxilla. Palate flat with ma- 
jor foramena placed slightly internal to M' and with 
occasional smaller foramena posteriorly. Basicranium 
with elements crowded than in earlier 
owing to more posterior position of post-glenoid proc- 
Condylar foramen present. 


more genera 


esses. 
VERTEBRAE 


Vertebral formula C7, D17, L4, C15. All vertebral 
centra slightly biconcave. Cervicals relatively large 
for a pantodont, particularly atlas and axis, which are 
about twenty-five per cent broader than in Barylambda; 
relative length of centrum of axis intermediate between 
Barylambda_ (shorter) and Titanoides (longer). 
Thoracics with rather short neural spines, more pro- 
nounced ventral keel and longer than in Barylamb- 
didae. Usually four sacrals. Anterior caudals forming 
a unique elongate pseudosacrum by coalescence of 
the centra, arches and neural spines; tail reduced in 


10 The lophodonty of the lower molars of some individuals 
of Coryphodon, for example PU 13472, is as great as that ex- 
hibited by the most advanced known coryphodontid lower 
dentition, that of Eudinoceras mongoliensis (AMNH 26611). 
The paraconids of PU 13472, however, are not quite as reduced 
as in Eudinoceras. 





TRANS. AMER. PHIL. soc. 


size and length, chevron bones apparently lacking, 
Anterior ribs shortest, and flattened at extremities: 
more posterior ribs oval in cross section, not particu- 
larly distinctive. 


FORE LIMBS AND STERNUM 


Clavicle present, comparatively slender, larger at 
sternal end. Sternal elements not unlike those of 
Pantolambda in proportions but with slightly greater 
width than in other pantodonts. Scapula with supra- 
scapular border forming a somewhat pointed knob 
above the end of the spine; both acromion and coracoid 
processes smaller than in Titanoideidae. Deltoid crest 
of humerus moderately developed, not as high as in 
Titanoides and Barylambda. Head and distal extrem- 
ity of radius similar to those in other pantodonts in 
general proportions, but shaft relatively shorter and 
lacking the high ridge running down the distal half 
of the anterior face which is present in Leptolaimbda. 
Shaft of ulna distal to greater sigmoid cavity, shorter 
than in pantolambdoids. 


MANUS 


Centrale almost entirely absorbed by fusion with 
scaphoid, lunar usually much more flattened than in 
earlier genera; lateral extremity of unciform relatively 
large; metacarpals shortened and _ relatively broad; 
pisiform relatively larger than in Titanoides and with 
more distinct neck than in Barylambda and_ Lepto- 
lambda: proximal phalanges about as long as in Bary- 
lambda, relatively longer than in Leptolambda; both 
proximal and mesial phalanges relatively shorter than 
in Pantolambda and Titanoides; unguals broad and 
flattened with expanded distal margin lacking central 
fissure of barylambdids and pantolambdids ; altogether 
a much more graviportal foot than in other pantodonts, 
convergent with the manus of the Dinocerata, Astra- 
potheria, and Proboscidea. 


PELVIS AND HIND LIMB 


lium with greatly expanded anterior border, antero- 
external angle directed slightly backward, but lacking 
enlargement and thickening of tip of anteroexternal 
angle present in Barylambda; pubis slenderer than 
ischium which has relatively broad syphysis. Femur 
with third trochanter, but not particularly distinctive; 
pit for ligimentum teres present, patella and trochlea 
elongate; distal tip of patella much more elongated 
than in Barylambdidae. Tibia usually with low cnem- 
ial crest; fibula articulating with astragalus. 


PES 


sroad with foreshortened phalanges ; astragalar for- 
amen present; caleanium lacking accessory internal 
tubercle of Barylambdidae ; phalanges as in manus, but 
relatively smaller. 

Discussion: The validity of many of the twenty-eight 
proposed species of this genus has long been questioned. 





b 
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Since 1 ost of the types of the various species described 
by Cop. and Osborn are partial upper or lower denti- 
tions ‘hey cannot always be compared. Osborn 


(1898): 189) remarks : 


Tweiity-one species were named by Cope, with as little 
regard ‘or the laws of individual variation as for the 
association of skeletons with teeth or of jaws with skulls. 
It is @ priort improbable that such numerous species should 
have coexisted, considering that all the collections come 
from a tew levels and a single geographical region. Our 
knowledge of large living quadrupeds, such as the African 
Rhinoceros, shows that rarely more than two species of one 
genus coexist, and these have different local feeding habits. 
The writer has found the same to be true of the Eocene 
Titanotheres of Wyoming. Earle’s revision of the species 
(1892), therefore, marked a valuable advance but left much 
to be done, owing to his lack of comparative material at 
the time. 


It seems clear also that the Coryphodon group was 
characterized by high individual variability, which is 
in part responsible for the previous splitting of species. 
Until large samples of this mammal from the same 
locality, and presumably of one population, have been 
analyzed, the most valid specific characters will not be 
known. For this reason the early revisions of the 
genus by Earle (1892) and Osborn (1898)) were not 
entirely satisfactory. A more recent study of the 
European members of this genus by Cailleux (1945) 
has suggested the specific distinctness of Coryphodon 
eocaecnus Owen, and Coryphodon oweni Hébert. Cail- 
leux tentatively considers the European species to be 
closest to the North American Coryphodon obliquus. 

The present study indicates that, much more than 
in the taxonomy of other pantodonts, most of the species 
of Coryphodon are based on characters which probably 
have little functional significance and which conse- 
quently do not suggest distinctly adapted species. It is 
therefore greatly to be desired that the large unde- 
scribed collections of Coryphodon, particularly those at 
the American Museum of Natural History, the Chicago 
Natural History Museum, and the U. S. National 
Museum, be studied in order to clarify the status of the 
North American members of this genus.'®* Pantodont 
species, in general, do not appear to have had long 
temporal ranges; and it is likely that, if the taxonomy 
of the species of Coryphodon can be revised, the various 
species will serve as good index fossils for detailed 
stratigraphic comparisons of beds of early Tertiary age. 
The large size of these pantodonts increases the likeli- 
hood of preservation and discovery, so that they fulfill 
as well a second requirement of a good index fossil, 
ubiquity. The volume of known material of various 
species of this genus is so great that a taxonomic re- 
vision would be an undertaking of several years’ dura- 
tion and consequently cannot be reported here. 

Nevertheless, some consideration of the major trends 
in the evolution of Coryphodon is necessary in connec- 


a The writer is currently preparing a taxonomic revision 
ot the species of Coryphodon. 
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tion with this study for two major reasons: First, com- 
parisons between this genus and the earlier pantodonts 
are essential for the reconstruction of pantodont phy- 
logeny. Second, the Paleocene specimens in the 
Princeton collections, described below, reveal some in- 
teresting primitive characteristics of species of this 
genus which should be pointed out. Data derived from 
comparative studies of Eocene forms of Coryphodon 
appear in this paper in the descriptions of the other 
types of pantodonts as well as in Section IV on anatomy 
and in the ratio diagrams included in Appendix A." 


Coryphodon proterus**? sp. nov. 
Figure 18 


Coryphodon sp. indet. Jepsen, 1930b, Proc. Amer. Philos. Soc. 
69 (7): 493. 

Coryphodon sp. nov. Van Houten, 1945, Journal of Paleon- 
tology 19 (5): 425. 


Type: PU No. 13400. Left lower jaw with C, 
P.-M., left and right I, ,, right P,_,, M,. 

Horizon and locality: Clark Fork, Paleocene ; three 
mules S\W of Bear Creek, Carbon County, Montana. 

Specific diagnosis: Incisors comparatively smaller, 
particularly in transverse diameter, than in later species 
of Coryphodon. Lower canine very large, broad trans- 
versely, bearing pronounced anterointernal wing or 
ridge. Diastema posterior to P, short. P._, resemble 
Coryphodon testis sort, but are somewhat more quad- 
rate at base, with wider angle between crests from pro- 
toconid to paraconid and metaconid than is usual in 
other species; base of paraconid strongly produced 
anteriorly. M,_, distinctive in that the part of the 
talonid internal to the crista obliqua makes up a flat- 
tened horizontal plane which is higher than the external 
part of the trigonid. In other types internal and ex- 
ternal portions of the talonid usually drop away from 
crista obliqua. Slight metastylids present on M,_,.% 
M,, large relative to M,_. with three quite distinct talo- 
nid lobes: hypoconid, hypoconulid, and entoconid. The 
species appears to be distinctive in possessing a crest 
from hypoconulid to entoconid equal in length to that 
from hypoconid to hypoconulid, and in having grooves 
descending along the sides of the posterior root at the 
base of hypoconulid of M, which separate off a pos- 
terior lobe of the tooth. (For all measurements of 
dentitions see Appendix B.) 

Discussion: In figure 8 this specimen is compared 
with twenty lower dentitions of Eocene species of 
Coryphodon, principally from the Bighorn Basin of 

11 For further discussions of the characters of Coryphodon 
see Cope (1872, 1874, 1875, etc.), Marsh (1876, 1877, 1893), 
Osborn (1898a), and Patterson (1939). 

12 From the Greek mpérepos, earlier, with reference to the 
Paleocene age of the species. 

13 The presence of molar metastylids in Coryphodon is not 
particularly common, as pointed out by Patterson (1939b: 
100). They are absent in eighty per cent of the specimens 
examined for this study. 
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Wyoming. The type of Coryphodon proterus in most 
dimensions is well above the average size of these speci- 
mens, which may represent several species. Corypho- 
don proterus in a few measurements is above the ex- 
tremes of range of the other individuals, although with 
a larger comparative sample this almost surely would 
not be true. In some respects, particularly the strong 
development of three talonid cusps, the lower molars 
of Coryphodon proterus are most like those of AMNH 
4329 which has been referred to Coryphodon cinctus. 
The most internal cusp of the lower M., talonid of 
Coryphodon has been called the entoconid 2 (Osborn) 
or the entostylid. In Coryphodon proterus, however, 
it seems most reasonable to consider that entoconid, 
hypoconulid, and hypoconid are all present, and that 
such a condition represents a more primitive stage of 
M.,, conformation in this genus, closely resembling the 
M,, talonid of Pantolambda bathmodon. In most Eo- 
cene species of Coryphodon the hypoconulid and ento- 
conid, or entoconid 1 and 2, have been reduced from 
the presumably primitive condition of Coryphodon 
proterus into a straight crest or spur running internally 
from the hypoconid. As far as M, is concerned the 
cusp which is lost is the most internal (entoconid ). 
Clearly Earle (1892: 154) was mistaken in his con- 
jecture that “The most primitive condition of the last 
inferior molar in Coryphodon is probably where the 
heel has a straight posterior border, for this is the 
condition in Pantolambda.” Actually, the heel of the 
M., of Pantolambda does not have a straight posterior 
border but possesses instead a well-defined cusp, pos- 
terior to the hypoconid, which is situated above a dis- 
tinct lobe of the posterior root as in Coryphodon pro- 
terus. Consequently, the three-cusped third molar talo- 
nid is not an advanced feature as Earle thought but is 
evidently the primitive condition for all pantodonts, 
including the Coryphodon stock. 
species of Coryphodon shows quite as distinct an ento- 
conid and hypoconulid as does Coryphodon proterus, 
but even before this species Osborn 
(18986: 192) had suggested, in variance with Earle’s 
statement quoted above, that the tri-cusped M., talonid 


None of the Eocene 


was known, 


is the primitive condition in Coryphodon. PU 13400 
appears to confirm Osborn’s suggestion. The best 


known Eocene species of Coryphodon form two groups 
with regard to this character. Such species as Coryph- 
odon eocaenus, Coryphodon testis, and Coryphodon 
cinctus retain the three M,, talonid cusps more or less 
distinctly, with the hypolophid set at an oblique angle 
to the metalophid, while in Coryphodon simus, Coryph- 
odon armatus and specimens of Wind River age, the 
metalophid and hypolophid are parallel, creating a ta- 
piroid, bilophodont tooth similar to that of Eudinoceras 
mongoliensis. ‘When the hypoconulid and entoconid 
are present in the later and presumably more progres- 
sive Wind River forms, they are usually on an almost 
straight line with the hypoconid, not arranged as in 
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Coryphodon testis and Coryphodon proterus at the 
corners of an almost equilateral triangle. 

Although it may be somewhat unsatisfactory to de- 
scribe another species of Coryphodon until a revision 
of the genus has been completed, the lower dentition of 
Coryphodon proterus appears to be more distinctive 
than that of any other species of this genus. It js 
regrettable that no well-preserved upper dentition of 
Coryphodon of Clarkforkian age is known, because the 
uniquely primitive features of the lower teeth of Coryph- 
odon proterus suggest that an upper dentition of this 
age might more clearly indicate from which of the 
‘arlier pantodont stocks the Coryphodontidae are de- 
rived. The partial upper and lower dentition from 
Clark Fork beds mentioned by Simpson (1937c: 23), 
AMNH 16078, collected in the Clark Fork Basin in 
1912 between Little Rocky and Line Creeks in north- 
western Wyoming is too poorly preserved to indicate 
its specific affinities; but the M, is large and three 
lobed. 

It is not clear whether Coryphodon replaced such 
Tiffanian genera as Titanoides and Barylambda through 
selective competition, or whether the appearance of 
Coryphodon in North America was subsequent to the 
extinction of the Tiffanian pantodonts. Coryphodon 
has never been reported from Tiffanian levels, not- 
withstanding Matthew’s remark to the contrary (1937: 
180). Most of the known Tiffanian pantodonts can 
be assigned to the lower part of that stage. This limita- 
tion may be more apparent than real, however—the re- 
sult of inadequate collecting in upper Tiffanian levels 
or the absence there of the faunal facies in which the 
Pantodonta occur. Coryphodon has not yet been col- 
lected at the same locality or level with any other pan- 
todont. 


Coryphodon, sp. indet. 
Figure 16 


Two partial skeletons of Coryphodon, PU 14682 
and 14685 from the Reiss locality, Sec. 20, T 55 N, 
R 98 W, Bighorn Basin, Wyoming, also appear to be 
of Clarkforkian age or earlier. The stratigraphic posi- 
tion between the Cretaceous exposures to the north- 
west and the Willwood Eocene to the southeast, as 
well as the general appearance of the beds, drab gray 
and buff-colored shale, suggests that these rocks are of 
Paleocene age. However, the associated fauna is not 
complete enough to make exact faunal correlations. 
Mammals from this locality include fragmentary re- 
mains of: 


Probathyopsis sp. 

Psittacotherium? sp. 

Ectocion sp. 
None of these specimens is complete enough to indicate 
whether they are Paleocene or Eocene species. How- 
ever, at approximately the same level as the Corypho- 
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‘tal remains a small collection of fossil plants 
the following species has been made: 


don s] 
includit: 


Quercus praegroenlandica Berry 
Cercidiphyllum arcticum Newberry 
Ginkgo adiantoides Heer 
Sapindus obtusifolius Lesquereux 
Elaeodendron serrulatum Ward 
Alnus serrata Newberry 


Dr. Erlmg Dorf of Princeton University reports that 
“this is definitely a Paleocene assemblage, but its posi- 
tion within the Paleocene cannot be determined without 
additional collecting to secure a larger flora.” 

Most probably then these two skeletons of Corypho- 
don are of Clarkforkian age, if not earlier. Conse- 
quently, they constitute the oldest post-cranial remains 
of this genus, but comparisons with Eocene skeletons of 
Coryphodon have failed to disclose any clearly dis- 
tinctive features in them. 

Unfortunately, the only part of the dentition asso- 
ciated with either of these specimens is a fragment of 
the premaxilla containing what appear to be parts of 
erupting incisors. Consequently, specific identification 
This fragment belongs to PU No. 
14685, which is the more complete skeleton. The 
following description is of this specimen: Five cervical 
vertebrae are present including part of the atlas. The 
other cervicals are probably C3-6. These vertebrae 
are fragmentary, but in their large size in proportion 
to the rest of the skeleton, and in all other observed 
features, they do not differ from Coryphodon. There 
are twelve thoracic vertebrae which are relatively well 
preserved and in which the height of the spine re- 
sembles closely those figured by Osborn (1898b: fig. 
23). There is one thoracic vertebra which resembles 
the antipenultimate vertebra of Coryphodon. Four 
sacral vertebrae are preserved, attached to the pelvis 
and posterior to them three caudal vertebrae. The 
centra and transverse processes of these caudals are 
fused to each other and to the posterior sacrals. The 
neural spines of the three posterior sacrals and the 
three anterior vertebrae are fused into one continuous 
ridge, in a manner which, according to Patterson 
(1939h: 103) appears to be typical of Coryphodon. 
No such pseudosacrum is known to occur in any of 
the Torrejonian and Tiffanian pantodonts. 


is not p yssible. 


The scapula of this specimen also resembles that of 
Eocene Coryphodon sp. in the preserved parts, but un- 
fortunately the apex, which is diagnostic of Corypho- 
don, is missing. The subscapular surface agrees in 
conformation with scapulae of the latter genus, at the 
American Museum of Natural History and elsewhere, 
in being somewhat concave. The acromion process is 
more distinctive, being broad and flattened. A com- 


plete, well-preserved pelvis that also resembles Coryph- 
odon pelves in all its features is preserved with this 
It is illustrated here in figure 16. 


specimen. 
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The femur, patella, and tibia of PU 14685 also agree 
with these bones in Coryphodon in their general con- 
formation, as do several metapodials and a single prox- 
imal phalange. 

The less well-preserved specimen PU 14682 includes 
a fragmentary and much distorted femur, as well as 
tibia, patella, calcanium, and astragalus of the right 
side. These bones also agree with Coryphodon in size 
and proportion. The fibula appears to have a distal 
articular surface with the calcanium and astragalus and 
in this feature it differs from Barylambda and agrees 
with Coryphodon. 


SUPERFAMILY PANTOLAMBDOIDEA (new rank) 


Diagnosis: Middle to late Paleocene forms (possibly 
early Eocene); ambulatory or sub-graviportal; size 
medium to large; retaining digits of sub-equal size. 
Differ from Coryphodontoidea in having comparatively 
smaller brains and skulls, and with forelimbs indicating 
great mobility, large clavicle, pelvis and hind limbs 
usually much larger than forequarters, anterior caudals 
not fused to sacrum, centrale of manus separate (or 
forming distinct lobe when fused to scaphoid), at least 
some unguals with central fissure, tail large and long; 
upper molars with primitive paracone and metacone 
forming W-shaped crests, showing no approach to 
bilophodont condition (as seen in Eudinoceras), typi- 
cally no diastema behind lower canine, incisors small. 


8 


FAmMity PANTOLAMBDIDAE, Cope, 1883 


Type: Pantolambda, Cope, E. D., 1882, Amer. Nat. 
16: 418. ; 

Included genera: Pantolambda, Caenolambda. 

Distribution: Late Torrejonian (Upper or Panto- 
lambda beds), and early Tiffanian stages of the Western 
United States and Canada (New Mexico, Wyoming, 
Montana, North Dakota, Alberta). 

Revised diagnosis: ** Small to middle-sized panto- 
donts, ambulatory, having full placental dentition. 


DENTITION 


Lower incisors conical, sometimes with lateral crest 
on each side; increasing in size from I, to I,. Lower 
canines moderately enlarged, sub-circular in cross sec- 
tion and in Pantolambda with tip pointing slightly back- 
ward ; canine lacking posterior blade and anterointernal 
wing. P, one-rooted and tending to be elongated in 
an anteroposterior direction. Diastema, if present, pos- 
terior to the P,. Crista obliqua of P._, usually reaching 
the lingual margin of the tooth. Molar and pre-molar 
cusps dilambdodont; paraconids of lower premolars 
and molars approximately equivalent to metaconids in 


14 Based largely on Pantolambda bathmodon, AMNH 106663; 
P. cavirictus, AMNH 963, and 17034, USNM 21327; and 
Caenolambda jepseni, PU 14863—for earlier diagnosis of this 
family, see Matthew (1937: 162). 
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size; lower molar trigonids distinctly shorter in antero- 
posterior diameter, and higher than talonids. Talonid 
of M,, elongate anteroposteriorly, with posterior margin 
broken in a rather sharp angle, instead ot being gently 
rounded as in the barylambdids. Upper incisors in- 
creasing in size from I' to I*. Upper canine large and 
rounded or with the diameter in the 
anteroposterior direction. P*' one-rooted and set some- 
what internal to posterior margin of canine. P** 
three-rooted with single para-metacone \, protocone 
progressively increasing in size from front to back. 
M'* with parastyle extended labially beyond meta- 
style, so that the margin from the parastyle posterior 


oval greatest 


along the external edge of the tooth forms an almost 
and 
with 
small protoconule and metaconule, and large in propor- 


straight anteroposterior line. \V’s of paracone 


metacone equally developed; protocone of M'** 
tion to paracone and metacone \V. Large protocone 
of M'* gives molars a more quadrate or rectangular 
outline than in the molars of any other family of panto- 
donts; protocone both longer anteroposteriorly and 
wider transversely in proportion to metacone and para- 
cone. Basal cingula of molar protocone in postitions 
of protostyle and hypocone well developed in_ this 
family, and in some species forming a pronounced cing- 
ular shelf encircling the lingual margin of the protocone. 
M* metacone reduced but showing traces of metastyle 
in some individuals, presumably a primitive condition. 


JAW AND SKULL 


Posterior extension of jaw angle reduced (except in 
Pantolambda bathmodon), coronoid process relatively 
short, mandibular symphysis fuses before eruption of 
permanent dentition. Symphyseal region of mandible 
relatively heavy for a pantodont, with moderate to ex- 
treme development of a horizontally extended flange on 
the anteroexternal margin of the jaw ramus. Premax- 
illa large, with facial extension; nares terminal; nasals 
elongate, expanded posteriorly and, except in Panto- 
lambda bathmodon, narrow. Skull long and narrow 
posterior to the orbits, brain case small, with sagittal 
and lambdoid crests prominent, but not usually extend- 
ing posterior to occipital condyles. 


POST-CRANIAL SKELETON 


Cervical centra not so long relative to size of verte- 
bra as in some condylarths, such as Ectoconus and 
Phenacodus, but proportionately longer than in the 
Barylambdidae, corresponding in this respect to the 
Coryphodontidae and Titanoideidae. Centrum of axis 
comparatively shorter than in Titanoides; spine heavy 
and elongated. Seventh cervical not pierced by verte- 
brarterial canal. Thoracic vertebrae numbering not 
less than fourteen and relatively shorter than the five 
lumbars which increase in size posteriorly ; three fused 
sacrals fit into pelvis by means of a joint between ilium 
and fused transverse processes of the anterior two sac- 
rals. The limbs of the known pantolambdids lack many 
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of the distinctive specializations of the corresponding 

eo - - “q* o 5 
parts of the skeletons of the other families of panto- 


donts, but possess the following primitive mammalian 
characters adequately summarized by Osborn (1898): 
185) for Pantolambda: 


Fore-limb strongly bent outwards at elbow (as in Creo- 
donta and Carnivora), manus everted. Humerus with 
powerful deltoid, pronator (entepicondylar) and supinator 
(ectepicondylar ) crests; ulna with a convex posterior bor- 
der; carpus with an os centrale, an extremely small mag- 
num and short trapezoid, causing the metacarpal I\ to be 
inserted proximally between the trapezoid and magnum, 
Hind-limb straight with three trochanters upon the femur, 
Tibia with rudimentary spine, a very long cnemial crest 
and femoral facets approximate. Tibia articulating with 
caleaneum. Probably an os tibiale. Mesocuneiform short 
(analogous to trapezoid in the carpus) so that metatarsal 
[IV articulates between ento- and ectocuneiforms (analo- 
gous to metacarpal IV). Articulation between tibia and 
astragalus slanting obliquely inwards, very limited in ex- 
tent, bounded posteriorly by astragalar foramen which is- 
sues posteriorly between the ectal and sustentacular facets 
(as in Creodonta). Astragalo-navicular head broad con- 
vex; two astragalo-calcaneal facets only. Fifth metatarsal 
curved with a prominent external tuberosity for the pero- 
neus brevis muscle, as in the Bear. 


As Osborn points out, all these characters are shared 
by Periptychus. 

The major distinctive features of the pantolambdid 
skeleton are as follows: Scapula with distinct supra- 
scapular notch; anterior and posterior blades wide, but 
not so wide as in Barylambdidae, blades constricted at 
base; acromion long; metacromion not pronounced, 
but forming broad posterior angle between spine and 
acromion; coracoid process large and curved slightly 
backward; vertebral border gently rounded, no sharp 
gleno-vertebral angle; entire bone about one-third 
longer than wide. Clavicle large and long, slightly 
curved; shaft round in cross section, not flattened; ex- 
panded at ends, broadest at sternal end. Manus of 
Pantolambdidae differing from that of Periptychus in 
having proximal phalanges shorter relative to meta- 
carpals. Unguals elongate, somewhat flattened and 
fissured. Pes, with caleanium lacking internal tubercle. 

PANTOLAMBDA Corr, 1882: 418 

Type: Pantolambda bathmodon Cope. 

Included species: Pantalambda bathmodon, Panto- 
lambda cavirictus, Pantolambda intermedius. 

Distribution: Torrejon stage; Upper Torrejon beds 
or Pantolambda zone, Nacimiento formation, San Juan 
asin, New Mexico; Rock Bench level, Polecat Bench 
formation, Bighorn Basin, Wyoming; upper part of 
Lebo, Crazy Mountain Field, Montana (Gidley Quarry 
and other scattered localities) and in approximately 
the lower five hundred feet of the Melville formation, 
Montana. 

Generic characters: The characters of this genus 
are extensively discussed by Matthew (1937: 163), 
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briefly they are: Comparatively small size, from that 
of a fox (Pantolambda bathmodon) to that of a tapir 
(Pantoiambda cavirictus) ; incisors, above and below, 
small and simple; canines never flattened transversely 


—relatively larger than in barylambdids and smaller 
than in coryphodontids and titanoideids, lower canines 
distinctive, with backward tilted apex; diastema_be- 


tween and P.,, not between C and P,—as in Titan- 
gides and Coryphodon; molars and premolars lacking 
later specializations, M, with relatively large heel; 
muzzle comparatively short and small. Post-cranial 
skeleton generalized with little expansion of scapula 


and illiuim:; limbs lacking specializations, humerus with 
entepicondylar foramen, tibia retroflexed, centrale of 
manus and astragalar foramen of pes present and rela- 
tively large. 

Discussion: This genus includes the smallest, old- 
est and most primitive pantodonts. It approximates 
the structural ancestry of the order, but even within 
the genus, as would be expected of contemporary spe- 
cies, there are evident distinctions. Pantolambda bath- 
modon is much the most primitive of the three species. 
It shows resemblances (which are not present in any 
other pantodont) in the pes, limb bones, and pelvis in 
particular to protungulates such as the periptychids 
and phenacodonts. In fact, if the dentitions of Panto- 
lambda bathmodon and Pantoiambda cavirictus were 
not so similar, one might regard the considerable dif- 
ferences between the two species in post-cranial skele- 
ton as warranting generic separation. Such a separa- 
y Patterson (1939a: 356) 
and may eventually be advisable but, pending the dis- 
covery of a really complete skeleton of Pantolambda 
cavirictus which would add an element of certainty to 
the many fragmentary specimens which have been re- 
ferred to this species, an attempt to separate the two 
forms generically on the basis of skeletal characters 
seems unwise. Pantolambda intermedius is at present 
too poorly known to allow very informative compari- 
sons between it and the other species of the genus. Its 
dentition, however, resembles that of Pantolambda bath- 
modon more closely than it does that of Pantolambda 
cavirictus. 


tion has been suggested by 


Pantolambda bathmodon Cope, 1882 
Figures 1, 2, 7, 10 and 16 

1882, Nat. 16: 418. 

Type: AMNH No. 3956; part of a mandibular ra- 
mus including P.-M,. 

Referred specimens: AMNH Nos. 2545, 2546, 
2547, 2549, 2550, 2551, 2552, 3957, 3958, 16663, 16664, 
16666 ;'' USNM Nos. 5903, 5904, 15408, 15409, also 
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Pantolambda bathmodon Cope, Amer. 


A number of other very fragmentary AMNH specimens 
have been assigned to P. bathmodon. Some of these are in- 
determinate and the best of them shows nothing not better 
Preserved in the referred specimens above. For the sake of 
They 


completeness, however, these specimens should be listed. 


are AMNH 2523, 2548, 2554, 4045, 15934, 16665. 
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31-49, 51-49, 160-36; KU Nos. 8067, 8068, 8069, 8070, 
8071, 8072, 8073, 8074, 8075, 8076, 8077. 

Horizon and locality: Torrejonian stage; upper 
Torrejon beds, Nacimiento formation, San Juan Basin, 
New Mexico. Probably occurs in the Medicine Rocks 
local fauna, Tongue River Paleocene, Carter Co., Mon- 
tana, also Torrejonian stage. 

Diagnosis: See Matthew (1937: 167). 

Discussion: This species has been thoroughly treated 
by Matthew (1937), and since the time of his writing 
little material that amplifies his observations has been 
found. However, in spite of the long history of pub- 
lication on this species, crown views of the complete 
upper and lower dentitions have never been figured. 
AMNH 16663 presumably preserves the entire upper 
and lower dentition, but the hardness of the matrix has 
to date prevented separation of the mandible. No one 
of the separated lower jaws in the Cope collection, 
at the American Museum of Natural History, contains 
a very complete dentition, but it is possible to recon- 
struct a composite picture of the teeth from the lower 
C to M,. The best preserved upper dentition of this 
species, illustrated in figure 10, USNM 15408, includes 
the dental series from P' to M*. The lateral view of 
the skull, included by Matthew (1937: fig. 39), of 
Pantolambda_ bathmodon, drawn principally from 
AMNH No. 16663, is somewhat misleading owing to 
the fact that the symphyseal region of the mandible 
and the anterior part of face have been crushed _ to- 
gether. The illustration does not adequately correct 
for this distortion. The mandible in the symphyseal 
region and below the canine 1s usually much deeper 
than in this illustration and some individuals possess 
a strong anteroexternal flange, similar to that of Panto- 
lambda cavirictus. For the same reason, the muzzle 
in Matthew's figure is not deep enough above the 
canine. 


Pantolambda cavirictus Cope, 1883 
Figures 1, 5, 7, 10 and 16 


Pantolambda cavirictus Cope, 1883, Proc. Acad. Nat. Sct. Phila. 
35: 169: 1884, Amer. Nat. 18: 1114, fig. 6. 
Pantolambda bathmodon Osborn and Earle, 1895, Bull. Amer. 


Mus. Nat. Hist. 7: 43-46, figs. 14-10. 


Type: AMNH No. 3961, lower jaw with dentition 
lacking only crowns of incisors, left and right P,, left 
condyle and parts of both angles. 

Referred specimens: AMNH Nos. 962, 963, 964, 
965, 2455, 2555, 2556, 3961, 3963, 3963b, 3964, 3967, 
3986, 16042, 16723, 17034, 35727; USNM Nos. 15406, 
15407, 6155, 9858 (single teeth), 21327: PU Nos. 
13759, 16456. 

Horizon and locality: Torrejon stage: Upper or 
Pantolambda zone, Torrejon beds, Nacimiento forma- 
tion, San Juan Basin, New Mexico; upper part of Lebo 
formation, Crazy Mountain Field, Sweetgrass County, 
Montana (level of Gidley Quarry and above in approx- 
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Fic. 2. 1/6. Pantolambda bathmodon Cope, after Osborn 1898, with corrections from AMNH 16663. 


imately the lower five hundred feet of the Melville 
formation ) ; Fort Union formation, Billings Co., North 
Dakota; Tongue River formation, Medicine Rock local 
fauna, Carter Co., Montana. 

Specific diagnosis: Many observations on the char- 
acters of this species have been previously published, 
and since these are extensively reproduced in Matthew 
(1937: 180-181), along with his own remarks on this 
form, they will not be quoted here. The new speci- 
mens recovered since 1937 and the necessity for cor- 
recting some conflicting statements in earlier literature 
on this species make a revised diagnosis and discussion 
advisable. For the sake of completeness, observations 
derived from earlier authors have been included in 
this diagnosis. 

Revised diagnosis: Teeth and skull about one and 
one-half times as large, and vertebrae, limb bones, 
and sacrum about twice as large as corresponding ele- 
ments of Pantolambda bathmodon. Incisors above and 
below agreeing with those of Pantolambda bathmodon 
in their relative sizes, which increase from first to third, 
differing above in being relatively larger compared to 
the other teeth and more spatulate. Upper canine 
relatively larger than in Pantolambda bathmodon and 
oval (instead of subcircular) at base. Lower canine 
subcircular at base and broad enough to expand the 
alveolar border which is much narrower posterior to 
the canine; as in Pantolambda bathmodon, apex di- 
rected slightly posteriorly. P, one-rooted and followed 
by a long diastema; P, slightly smaller relative to P, 
than in Pantolambda bathmodon. Details of lower 
premolar and molar series closely corresponding except 
in size to Pantolambda bathmodon, although talonid of 
M, of Pantolambda cavirictus somewhat smaller rela- 
tive to trigonid than in the former species. Upper P! 
relatively as large as corresponding tooth in Panto- 


lambda bathmodon,'* but situated somewhat more in- 
ternal to posterior margin of upper canine. |’? some- 
times a little larger in proportion to P* than in Panto- 
lambda bathmodon, usually agreeing with the latter 
species in possessing a very small protocone on the P? 
which gives it a comparatively shorter transverse diam- 
eter than in the succeeding teeth; anterior and pos- 
terior cingula of protocone of upper premolars and 
molars increasing in heaviness from front to back so 
that M'* may have a cingular shelf completely en- 
circling the protocone; agrees with Pantolambda bath- 
modon and other pantolambdids in having reduced 
molar metastyle not projecting beyond the labial margin 
of the tooth, posterior to the parastyle. 


SKULL 


Mandible showing development of anteroexternal 
intermediate in heaviness 


flanges on horizontal rami 
between Pantolambda bathimodon and Caenolambda 
jepseni. Coronoid process relatively shorter than in 
Pantolambda bathmodon and angle of jaw less prom- 
inent ; symphysis heavier and depth of ramus relatively 
greater than in the smaller species. Cranium more 
elongate than in Pantolambda bathmodon. Premaxilla 
massive, upper incisors relatively large, nasals long and 
narrow, maxilla high anteriorly supporting huge canine 
root, zygomatic arch rising above the P* somewhat 
more flared and slender than in Pantolambda_bath- 
modon; frontal, sagittal, and occipital crests and other 
proportions and features of the skull much as in 
Pantolambda bathmodon. 


15 Matthew’s observation (1937: 182) that the P' of P. 
cavirictus is proportionately smaller than that of P. bathmodon 
is based on a much worn and broken specimen, AMNH 2555; 
see instead, USNM 21327 in fig. 10. 

16 Referred to by Cope (1883: 169) as the “lateral prom- 
inence of the inferior edge of the ramus. .. .” 
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POST-CRANIAL SKELETON 

Verte srae closely resembling those of Pantolambda 
bathmocon and Caenolambda jepseni, and intermediate 
betweer: them in size; spine of axis large and elongate ; 
tail lony and heavy, and judging from the rate of de- 
crease in size of the caudal centra in partial specimens, 
with about fifteen vertebrae. Scapula, humerus, radius, 
and ulna differing in known parts only in size from 
those ot Pantolambda bathmodon; entepicondylar fora- 
men present. Manus only partially known; not dis- 
tinct except in size, from Pantolambda bathmodon. 
Pelvis less acuminate than that of Pantolambda bath- 


ind much less like that of the phenacodonts ; 
ne expansion at the anterior end of ilium, but 
not so broad and flattened as in larger pantodonts, 
Titanoides, Barylambda and Coryphodon. As in Pan- 
tolambda bathmodon an oblique ridge can be traced on 
ventral surface of ilium, but in Pantolambda cavirictus 
it is less well developed. Pes more robust than that of 
Pantolambda bathmodon with relatively thicker meta- 
some ungual phalanges barely fissured; much 


modon 
with sol 


tarsals : 
longer than wide. 

Discussion: This species is known from a relatively 
large number of specimens, none of which is very com- 
plete. Consequently, discussion of proportions and 
variability remains extremely conjectural. It seems 
probable that if this form were better known it would 
be possible to distinguish more than one species, judg- 
ing by the differences in size of various specimens and 
in certain characters of the dentition, such as develop- 
ment of the cingula of the upper molars, size and pro- 
portion of the upper canine, and size and position of 
the P,. 
tions of other pantodonts have been associated with 


[Distinctions of this same degree in the denti- 


striking differences in the rest of the skeleton such as 
those between Barylambda faberi and Leptolambda 
schmidti. 

Since little is known of the size range in Panto- 
lambda cavirictus, it seems unwise to subdivide the 
species on the basis of size alone, but it should be 
pointed out that the type lower dentition, Pantolambda 
cavirictus, AMNH 3961, measures 140 mm. from the 
anterior margin of the canine to the posterior margin 
of the M., while the corresponding measurement on 
the upper dentition of AMNH 963, is much less, being 
106.2 mm. In other pantodonts, for instance Titan- 
aides primaevus, CNHM 15520, corresponding meas- 
urements along the tooth row, from the anterior mar- 
gin of canine to posterior margin of M3, above and 
below are almost exactly equal. If this proportion is 
also true for Pantolambda cavirictus (and although 
there are no associated upper and lower dentitions com- 
plete enough to prove that it is, this seems a safe as- 
sumption ) the above measurements indicate either that 
there was a size range in the species as great as twenty- 
five per cent, or that these specimens represent two 


separate species. At present it seems best to consider 
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this size difference within the species range, for even 
greater ranges are known in many living mammals such 
as the jaguar and puma and are suspected for Bary- 
lambda faberi. Matthew (1937: 182) also noticed the 
disproportion in size between the most complete maxil- 
lae and mandible of Pantolambda cavirictus remark- 
ing that: 

The skull, as figured by Osborn, has been restored from 
several separate pieces and is too narrow in the palatal re- 
gion and muzzle. The actual width, judging from the 
width of the symphysis in the type lower jaw, should give 
almost twice the width between the canines shown in the 
skull as figured. . . 

Matthew's observation that the muzzle of AMNH 
963 is too narrow as restored is certainly true, but it is 
also evident that the symphyseal region of the type 
lower jaw was mistakenly restored with too great a 
width. Even after both are corrected, the 
muzzle is too narrow for the jaw, further confirming 
the marked difference in size between the type mandible 
and the maxillae of AMNH 963. The only evidence 
that these two specimens do belong to the same species 
is that a lower premolar, very similar to those of the 
type, was found with AMNH 963. Several partial 
upper dentitions have since been found in the upper 
beds of the Torrejon formation of the San Juan Basin 
of New Mexico, but none of these was associated with 
lower teeth. One of these dentitions, AMNH_ 2555, 
from Arroyo Torrejon, is slightly larger than AMNH 
963 and differs from it in having continuous cingula 
encircling the bases of the protocones apparently on all 
teeth from P* to M*®. A maxilla with C-M*, USNM 
21237 is illustrated here in figure 10. Two other iso- 
lated teeth from Arroyo Torrejon USNM Nos. 15406 
and 15407 a lower P, and lower M, respectively, are at 
opposite extremes of size for this species, the P, being 
larger than in the type lower jaw, while the M, is 
closer to the size expected for AMNH 963. 

An upper M** from the Gidley Quarry, AMNH 
35727, is like small Pantolambda cavirictus specimens, 
but in the large size of protocone and straight labial 
margin of M* posterior to the parastyle resembles Cae- 
nolambda jepseni (described below). Two teeth pos- 
sibly associated with this specimen are quite prob- 
lematic; one may be a lower canine, the other an I’, 
but if so, the I* is extremely large for Pantolambda 
cavirictus. This specimen, as well as USNM 6155 
and 9858, single upper molars, mentioned by Simpson 
(1937a: 271), all fall within the range of Pantolambda 
cavirictus, as here defined. 

Wortman (1897: 82) referred a pelvis with associ- 
ated thoracic, lumbar, fragmentary sacral and caudal 
vertebrae to Psittacotherium, but qualified his refer- 


ence as follows: 


errors 


Among the specimens collected last summer by the Ex- 
pedition, is one found by my assistant, Mr. Barnum Brown, 
in the Torrejon Beds or the Upper Puerco, consisting of 
two posterior dorsal, three lumbar and nine caudal verte- 
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brae, together with a nearly complete pelvis. It was 
thought at first that these bones belonged to a large Cre- 
odont, probably a species of Dissacus, but they were so 
much broken that it was impossible to form any correct 
judgment of their true characters at the time of collection. 
Since they have been cleaned and mended, it is now very 
evident that they do not belong to any known species of 
Creodont. The only other species occurring in this horizon 
to which they could be referred on account of size are 
Pantolambda cavirictus and Psittacotherium multifragum. 
A comparison with the corresponding bones of the smaller 
species of Pantolambda shows such great and fundamental 
differences that it is certain that the specimen in question 
does not belong to Pantolambda. There remains then only 
Psittacotherium multifragum to which the specimen can be 
referred, and if we can judge from the peculiar characters 
which these bones present, I think there can be no mis- 
take in referring them to this species. 

Later students, however, have not seen any compel- 
ling reason for believing that this specimen belongs to a 
taeniodont. Matthew (1937: 206) stated his position 
clearly, as follows: 

Wortman has referred to Psittacotherium a pelvis with 
posterior dorsal, lumbar, and anterior caudal vertebrae 
associated. We have not succeeded in finding any of the 
fundamental differences which he states separate it from 
Pantolambda. ‘The characters of the pelvis are not unlike 
those of Pantolambda bathmodon ; the form of the ilium, the 
elongate ischium, separate and long pubis, are present in 
Pantolambda, and as far as appears, it may belong to 
P. cavirictus. 

Matthew further stressed in no uncertain terms his 
doubt that this pelvis has any particularly edentate 
(that is, taeniodont) characters or any features which 
would weigh in favor of the specimen being Psitta- 
cotherium multifragum rather than Pantolambda cavi- 
rictus. He concluded that the specimen was indeter- 
minate. 

Subsequent to Matthew’s writing, pelves and verte- 
brae of two other Paleocene pantodonts, Titanoides 
primaevus and Barylambda faberi, have been discov- 
ered ; and these specimens confirm in large part by their 
similarity Matthew’s suggestion that the pelvis de- 
scribed by Wortman might be of Pantolambda caviric- 
tus. However, evidence sounder than this has been 
supplied by the discovery of a new pantolambdid spe- 
cies Caenolambda jepseni with associated thoracic, lum- 
bar, and caudal vertebrae which are strikingly like those 
associated with the pelvis, AMNH 2455, described by 
Wortman. The major difference in the two sets of 
vertebrae is that of size only. 

The importance of this pelvis and associated verte- 
brae for a better understanding of the taxonomic rela- 
tionships of the pantodonts is considerable, and al- 
though this specimen cannot be referred with absolute 
certainty (in the absence of an associated dentition) to 
Pantolambda cavirictus, it seems most probable that 
the specimen does belong to this species, or to a closely 
related pantolambdid. This pelvis makes an ideal inter- 
mediate in a structural series running from Panto- 
lambda bathmodon through Titanoides to Coryphodon; 
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although this, of course, does not imply a direct an- 
cestor-descendent sequence in these forms, suggesting 
only a trend the pantodonts were undergoing, see fig. 16, 

The pes of Pantolambda cavirictus has been consid- 
ered in detail by Cope, Osborn, and Matthew: but it 
should be pointed out here that less is known of it 
than one would assume from the published photographs 
and drawings, for in the right pes, AMNH 3963. 
originally described by Cope, several of the mesial 
phalanges are restored in plaster, as are all of the 
unguals except the central one in the mount. This one 
ungual is barely fissured, but this slight fissuring can- 
not be considered a significant difference from Panto- 
lambda bathmodon, since it may not be the central un- 
gual, which in Pantolambda bathmodon and the bary- 
lambdids is the most deeply fissured phalanx. Asso- 
ciated with this specimen are elements of a pes, AMNH 
3963), of slightly larger dimensions than the foregoing 
tarsus, AMNH 3963; these larger tarsals and meta- 
tarsals show that some of the Torrejon pantolambdids 
must have been almost as large as Caenolambda. The 
metatarsals of AMNH 39630 are fully as long as those 
of Caenolambda. jepseni, but not so robust, or wide. 

Of several hundred identifiable mammalian speci- 
mens from the Rock Bench Quarry of the Bighorn 
Jasin of Wyoming, only four can be attributed to 
pantodonts. These specimens are all referable to the 
Pantolambdidae and probably to Pantolambda caviric- 
tus. They consist of two phalanges, part of a lower mo- 
lar and a navicular. The phalanges are of Pantolambda 
cavirictus type but somewhat larger. The tooth frag- 
ment, PU 16456, is not really complete enough for 
a definite reference, but it agrees well in size and in 
the proportions preserved, with this species. The 
navicular is of less certain assignment and, while not 
noticeably distinct from a pantolambdid navicular in 
shape, it is larger than that of Titanoides or Caeno- 
lambda, which suggests that there were much larger 
pantodont species existing in Torrejonian times not yet 
represented by adequate remains. 


Pantolambda intermedius Simpson, 1935 


Pantolambda intermedius, Simpson, 1935, Proc. U. S. Natl. 

Mus. 83: 244. 

Type: USNM No. 8384. Left lower jaw with M,_. 
alveoli of C-P,, associated with symphysis fragment 
with right I,.. and alveoli of left I, 5. 

Referred specimens: AMNH Nos. 35722, 35723, 
35724, single premolars. USNM No. 9598. 

Horizon and locality: Torrejonian stage, Lebo for- 
mation, Gidley Quarry, NW 1/4, NE 1/4, Sec. 25, 
T5N, R15 E., Sweetgrass County, Montana. 


Author’s diagnosis: Intermediate in size between P. 
bathmodon and P. cavirictus. P: with one large root, close 
to canine, followed by short diastema. Pe two-rooted. 
Lower molars closely resembling those of P. cavirictus but 
entoconid more distinct. 
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Discussion: An examination of the specimens of 
Pantol:imbda bathmodon in the Cope collection at the 
American Museum of Natural History indicates that 
a shor: diastema frequently occurs behind the P, in 


this species. The diastema, and the width of the alve- 


olar border are proportionately the same as the dia- 
stena and alveolar border of Pantolambda intermedius 
behind the P,;. The corresponding diastema of Panto- 
lambda cavirictus, on the contrary, differs from that of 
the two smaller species of Pantolambda in its relatively 
greater width and pronounced constriction of the al- 
veolar border posterior to the P,. The incisors of the 
type lower jaw of Pantolambda intermedius, although 
only partially erupted, are conical, as in Pantolambda 
bathniodon, instead of being somewhat spatulate, as in 


the larger pantolambdids, including Pantolambda cavi- 
rictus. Three isolated lower premolars of Pantolambda 
type which are also from the Gidley Quarry, AMNH 
Nos. 35722, 35723, and 35724, are all of appropriate 
size to pertain to this species, and, like the premolar, 
USNM No. 9598, described by Simpson (1937a: 270) 
as referable to Pantolambda intermedius, they are nar- 
row and the metaconid crest is quite small or absent. 
Another lower premolar from the same quarry is much 
more quadrate at the base, with a well-developed meta- 
conid and heel. In all respects it is very close to the 
P, of the Titanoideidae, and is unlike the premolars 
mentioned above which presumably belong to Panto- 
lambda intermedius. Because of these titanoideid fea- 
tures, it is more probable that this premolar belongs 
to Titanoides simpsoni (described below) which has 
upper molars that agree well with it in size. 
Altogether in the characters of the diastema, incisors, 
and lower molars of the type specimen, as well as in 
the positioning of the entoconid of a referred lower 
premolar USNM _ 9598, see Simpson (1937a: 270), 
Pantolambda intermedius is much closer to Panto- 
lambda bathmodon than to Pantolambda cavirictus. 
If it were not for the difference in absolute size, the 
two smaller species of Pantolambda would almost cer- 
tainly be considered within the range of variability of 
one species. Pantolambda cavirictus and Pantolambda 
bathmodon are distinctly different in post-cranial skele- 
ton, a fact which gives strong support for their generic 
separation, but in characters of the dentition the two 
species are less clearly differentiated. Nevertheless, 
in those features of the lower dentition in particular 
in which the two species, Pantolambda bathmodon and 
Pantolambda_ cavirictus differ, Pantolambda  inter- 
medius resembles the former species. Since the post- 
cranial skeleton of Pantolambda intermedius is un- 
with any certainty, (1937a: 
271) |, the most definitive comparisons cannot be made. 
Pantolambda bathmodon is not known from the Tor- 
rejonian equivalents of the Bighorn Basin of Wyo- 
ming (Rock Bench Quarry), or from the Crazy Moun- 
tain Field of Montana. It is consequently possible to 


known {see Simpson 


conjecture that the size difference between the two 
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species, Pantolambda bathmodon and Pantolambda in- 
termedius, may be due to the operation of the ecologic 
principle known as Bergmann’s rule. This rule briefly 
stated is that the more northern species or subspecies 
of a given type of animal tend to be larger than their 
more southern relatives. Other possible interpreta- 
tions of the size differences are: (1) that the two 
species are not contemporary, and that Pantolambda 
intermedius is a larger species descended from Panto- 
lambda bathmodon; or (2) that the two forms are 
synchronous but with specializations separating them 
ecologically which are not evident in the known parts. 
It is also just possible that the lower jaw, AMNH 962, 
from the Cope collection of the San Juan Basin of 
New Mexico, considered by Matthew (1937) to be 
an immature dentition of Pantolambda cavirictus, be- 
longs to Pantolambda intermedius. The bone of the 
horizontal ramus of this specimen is poorly preserved 
and only two teeth remain. It is not clear, therefore, 
whether the M., alveoli are present, though x-rays sug- 
gest that they may be. If so, this specimen from the 
San Juan Torrejonian could be referable to Panto- 
lambda intermedius and would show that this species 
could be contemporaneous with the other two species 
of Pantolambda in New Mexico. 


CAENOLAMBDA Gazin, 19560: 48 


Type: Caenolambda pattersoni Gazin, 19506. 

Included species: Caenolambda pattersoni, Caeno- 
lambda jepsent. 

Distribution: Tiffanian stage; lowermost Silver 
Coulee beds, Polecat Bench formation, Big Horn 
County, Wyoming; Saddle locality, Bison Basin, Fre- 
mont County, Wyoming. 


Author’s description: Skull with elongate cranium, 
strong, arched sagittal crest, broad frontals, narrow nasals 
and heavy canines resembling the 7itanoides group. Upper 
cheek teeth, though comparatively small, are anteropos- 
teriorly shortened and transversely broad as in the Bary- 
lambda-Haplolambda group, but with molars M‘ to M* about 
equalling one another in size. 

Generic characters: To Gazin’s original description, 
based on the type skull, may be added the following 
dental and osteological characters derived from the 
partial skeleton, in the Princeton collection, of the type 
of Caenolambda jepseni. 


DENTITION 


Unreduced. Incisors relatively small, pointed, more 
spatulate than in Pantolambda bathmodon, increasing 
in size from front to back. Canines much enlarged, 
sub-circular in cross section below, but above oval at 
the base, elongate and tusklike. First premolar below, 
one-rooted and elongate anteroposteriorly ; not followed 
by a diastema as in Pantolambda; P' one rooted, lack- 
ing protocone, moderately compressed transversely. 
P2-* above and below increasing in size from front to 
back, but more nearly equal to each other in size than 
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in Pantolambda. Molars above with and 
metacone W and protocone V ; lower molars with trig- 
onid and talonid \ ; trigonids below more compressed 
anteroposteriorly and higher than talonids as in Panto- 
lambda. Protocone of upper molars larger relative to 
the paracone and metacone W than in Pantolambda, 
development of protocone cingula above the same as 
in the latter genus. Size: corresponding measure- 
ments of the teeth about two-and-one-half times greater 
than in Pantolambda bathmodon and twenty to thirty 
Rela- 


paracone 


per cent greater than in Pantolambda cavirictus. 
tive sizes of molars to each other, above and below, as 
in Pantolambda. 
SKULL 

Mandible with massive symphysis and heavily de- 
veloped anteroexternal flanges on horizontal rami 
(complete fusion of mandibular symphysis), coronoid 
process short, angle of jaw not greatly extended pos- 
teriorly. Cranium elongate with terminal nares and 
deep, massive muzzle supporting enlarged canines; 
nasals narrow; frontal, sagittal, and occipital crests 
high; brain case small; skull with pronounced post- 
orbital construction; zygomatic arches moderately 
heavy, with anterior origin of arch above the P’, instead 
of rising above the M' or P* as in Pantolambda.* 
Occipital condyles small relative to size of skull. 


POST-CRANIAL SKELETON 


Centra of cervicals relatively short, as in periptychids, 
but longer in proportion to the thoracic and lumbar 
vertebrae than in the Barylambdidae. Thoracic and 
lumbar vertebral centra about equal in length. More 
than fourteen thoracic, and at least five lumbar verte- 
brae; sacrals not known; anterior caudals large, pre- 
sumably supporting a well-developed tail, as in Panto- 
lambda. Scapula with wide anterior and _ posterior 
blades of about equal width, pronounced suprascapular 
notch, spine high and prominent, with a tuberosity, 
not known in other pantodonts, situated one third 
of the length down from the superior border to the 
acromion, superior border thickened; acromion long 
and moderately wide. Coracoid process well developed. 
Clavicle long, subcircular in cross section, or oval, but 
not flattened; somewhat curved, and wider at sternal 
end. Ribs, particularly the anterior ones, flattened at 
extremities, but subcircular near the proximal end and 
gently curved. Sternal elements, pelvis, and fore limb 
unknown. Hind limb: Femur stocky; corresponding, 
except in size, to that of Pantolambda, shaft relatively 
shorter (compared with the size of the head, great 
trochanter and distal condyles), than in Coryphodon 
or the barylambdids; third trochanter differing from 
Titanoides in its large size and position just above the 
middle of the shaft, connected to the great trochanter 
and external condyle by ridges as in Barylambda 

17 The cavity anterior to the orbit, seen in Gazin’s illustra- 
tion of Caenolambda pattersoni (1956: pl. 13) is almost cer- 
tainly an artifact. 
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faberi; second trochanter of average pantodont size. 
Tibia resembling that of Pantolambda, and differing 
from those of other pantodont genera in havine a rela. 
tively high cnemial crest, internal malleolus large: fib- 
ula with ovate cross section, relatively short shaft and 
apparently with large articular ends. 
Discussion: The Caenolambda 
greater dental and 
those of Pantolainbda, and are also of larger size and. 


have 
specializations than 


species of 


osteological 


as far as is known, slightly later in time than any 
member of the latter genus. 

Hence, one of the species of Pantolambda may be 
ancestral to Caenolambda. In many of the features in 
which Pantolambda differs from Panto- 
lambda bathmodon, it foreshadows characters of Caeno- 
lambda. Such linking features include: the antero- 
posterior elongation of the base of the upper canine, 


cavirictus 


occurring in some specimens of Pantolambda caviric- 
tus; the presence of a cingular shelf on the protocone 
of the upper molars of a few individuals of Panto- 
lambda cavirictus, as in Caenolambda pattersoni; the 
general approach to quadrate form in the upper molars 
of both genera; the greater size of the upper molar 
protocone relative to paracone and metacone in both 
forms, compared to Pantolambda bathmodon; the simi- 
larities of the lumbar and caudal vertebrae—the prin- 
cipal difference being that of size alone. The tarsus 
is also similar in the two forms, but in Caenolambda 
the metatarsals are thicker and the astragalus is more 
advanced than in Pantolambda cavirictus in that it 
lacks as distinct a pit anterior to the trochlear surface. 
Consequently, the head is less well defined. Because 
of these similarities Pantolambda cavirictus is 
probably closely related to, if not the direct ancestor of, 
Caenolambda. Since, however, both Pantolambda cavi- 
rictus and Caenolambda are based on partial skeletons, 
this postulated ancestor-descendent relationship can- 
The manus is not completely 


most 


not be firmly established. 
known in either form, but judging from Titanoides 
some distinct differences in the manus could exist even 
when the dentitions of the two forms differ no more 
than they do in Pantolambda and Caenolambda. In the 
enlargement and anteroposterior elongation of the 
upper canine, Caenolambda resembles Titanoides, but 
this is the only prominent feature of the dentition which 
is more like Titanoides than Pantolambda. In all other 
major differences between the dentitions of Panto- 
lambda and Titanoides, Caenolambda resembles the 
former genus to a much greater degree. Consequently, 
it does not seem probable that Caenolambda is a fore- 
runner of Titanoides. That the similarities in the upper 
canines of the two genera are due to parallelism 1s 
further confirmed by the fact that the functioning of 
the lower P, in Caenolambda jepseni, which is elon- 
gated anteroposteriorly and shears against the back of 
the upper canine,’S is quite different from that of 
Ti'enoides. 


18 See figure 5. 
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Caenolambda pattersoni Gazin, 1956 


Figure 1 


Cacno'ambda_ pattersoni Gazin, 1956, Smithsonian Misc. Coll. 
131 (6) : 48-50, pls. 12, 13, 14. 
Type: USNM No. 21036, skull lacking zygomatic 
arches and mandible. 


Horizon and locality: Lower Tiffanian stage, vicin- 
ity of Saddle locality, south rim of Bison Basin, Sec. 
28, 1 27 N, R95 W, Fremont County, Wyoming. 

Specific characters: Author’s diagnosis: Length of 
skull greater than that of Haplolambda quinni, but less than 


Titanoides primaevus. Much smaller than Barylambda 
faberi. Cheek teeth comparatively small. 


Revised diagnosis: '® Upper canines large, tusklike, 
anteroposteriorly elongated at the base, and broader 
and longer at the base than in Caenolambda jepsent. 
p?< P* < Pt, but P** relatively greater in transverse 
diameter in proportion to P* than in Pantolambda. 
Premolars narrower transversely and molars wider 
transversely than in Caenolambda jepsen’. 
a well-developed, cingular shelf on the lateral and 
lingual sides of the protocone—not present in Caeno- 
lambda jepsent, 

Discussion: This recently discovered form from beds 
probably of early Tiffanian age in the Bison Basin of 
Fremont County, Wyoming, is a most interesting addi- 
tion to the pantodont phylum; but in the case of this 
specimen, as is so often true of vertebrate fossils, the 
preserved parts raise as many questions as they answer. 
The type specimen, a single skull lacking zygomatic 
arches and mandible, is unlike any other pantodont of 
known Tiffanian age. Caenolambda jepseni would, of 
course, be an exception if it were indisputably of Silver 
Coulee age, but the fauna associated with it is as much 
like that of the Rock Bench level of the Bighorn 
Basin as it is like the Silver Coulee fauna. 

In describing this new form, Gazin (1954: 48) re- 
marks : 


M* bearing 


Caenolambda presents a rather unusual combination of 
characters and does not closely resemble any of the previ- 
ously described genera. Nevertheless, in a general way 
the skull is apparently more like Titanoides than Bary- 
lambda or Haplolambda. 


Gazin’s further observations make it clear that the form 
is not to be allied with the Barylambdidae. 
noted several features of the dentition of Caenolambda 
pattersoni which resembled those of both Titanoides and 
Pantolambda. 

It now seems certain that the new species Caeno- 
lambda jepseni from the Polecat Bench formation, 
Big Horn County, Wyoming, represents a related but 
distinct form, only slightly smaller than Caenolambda 


He also 


19 The discovery of a second species of Caenolambda, makes 
pat- 
Since partial upper dentitions are the only comparable 
parts in the two species, the diagnosis of C. patiersoni is re- 
stricted to the upper teeth. 


necessary the redefinition of the specific characters of C. 
tersont. 
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pattersoni, and possessing an upper dentition in many 
ways intermediate between Pantolambda cavirictus and 
Caenolambda pattersoni. 

These three species agree in possessing the following 
complex of characters: anteroposteriorly elongated up- 
per canines, relatively shorter than in Titanoides; pro- 
tocones of P** centered on the transverse axis of the 
tooth, not shifted anteriorly as in Titanoides and Bary- 
lambda; M** with parastyle projecting but metastyle 
reduced ; °° protocone of M? broader anteroposteriorly 
than in the Titanoideidae or Barylambdidae, giving this 
tooth an almost quadrate form. 

The presence of an elongate cranium, broad frontals, 
and narrow nasals mentioned by Gazin as features of 
resemblance to Titanoides does not necessarily ally 
Caenolambda with the former genus; for these three 
features are also present in Pantolambda cavirictus. 
Further, as Gazin (1956: 49) pointed out, 


The molars of Caenolambda would appear to be about equal 
to one another in size as in Pantolambda, not showing the 
marked increase from M' to M®* seen in Titanoides, or the 
reduction of M* noted in Barylambda and Haplolambda. 

One of the more useful taxonomic characters in the 
Pantodonta appears to be the relative the 
upper molars. Consequently, the agreement of Caeno- 
lambda pattersoni and Pantolambda cavirictus in wpper 
molar proportions may be more than usually significant. 
The ledge-like cingulum, noted by Gazin, encircling 
the lingual and posterior margin of the M? of Caeno- 
lambda pattersoni is not a common feature of pantodont 
molars. In Titanoides, for example, the corresponding 
cingula, present on the anterior and posterior margins 
of the M** protocones, may unite across the lingual 
face of the protocone; but this relatively faint joining 
of the cingula never resembles the strong cingular shelf 
present on the M* of Caenolambda pattersoni. The 
only other individual Paleocene pantodonts known to 
possess similar ledge-like cingula on the protocone of 
the M*? are two specimens of Pantolambda cavirictus, 
AMNH 2555 and USNM 21327. The premaxilla of 
Caenolambda pattersoni, although broken and distorted, 
is clearly much larger in proportion to the skull as a 
whole than it is in Titanoides. The ascending ramus 
of the premaxilla, unlike those of Titanoides, Bary- 
lambda, and with less certainty Haplolambda, is ex- 
tended on to the external face of the rostrum. In the 
latter genera this process is reduced and does not ex- 
tend across the side of the face. In the large size of 
the premaxilla and the facial extension of the ascending 
process, Caenolambda_ pattersonit resembles Panto- 
lambda bathmodon, Coryphodon and probably Panto- 
lambda cavirictus.*' As a consequence of these ob- 
served similarities between Caenolambda pattersoni and 


sizes of 


20M! is not known in Caenolambda jepsent. 

21 Although no P. cavirictus specimen preserves an attached 
premaxilla, the large detached premaxilla associated with 
AMNH 16723 indicates that this species agrees with P. bath- 
modon in having a facial extension of the premaxillary process. 
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the other large pantolambdids, Caenolambda Jepseni 


and Pantolambda cavirictus, it seems reasonably certain 
that they form a closely related Stroup, which in turn is 
allied with Pantolambda bathmodon more nearly than 
to the other divisions of pantodonts, 

As Gazin noted. the preservation of detail in the 
type skull of Caenolambda pattersoni is not particu- 
larly good: but in those respects in which the dentition 
can be compared with Caenolambda Jepseni, the differ- 
ences between the two forms make specific separation 
advisable: at least until a more complete series of this 
type of pantodont has been discovered. 

In the frontal region of the skull, above the orbits 
ot Caenolambda pattersoni, are swollen areas, which 
are not as strongly developed in other pantodonts, 
The rugosity of these enlarged areas seems to be nat- 
ural, and in a general Way they resemble the bases for 
attachment of horny outgrowths. A similar, but much 
less Pronounced, temporal ridge is present in Bary- 
lambda as well. Possibly the development of these 
bosses proceeded with age, for the much worn denti- 
tion of the type of Caenolambda pattersoni may be 
taken to indicate advanced age. 


Caenolambda Jepseni sp. noy.22 


Figures 1, 5. 6, 7, 9, 10, 13 


Type: PU No. 14863: Lower Jaw with complete 
dentition represented on one side or the other, upper 
right I, C, Pr-4, M’, left P?, Mz: lacking skull: twenty- 
SIX vertebrae, including seven cervical, twelve thoracic, 
five lumbar, and two caudal ; both clavicles, right scap- 
ula, parts of about twelve ribs, left femur, part of right 
femur, left tibia and part of fibula; much of right pes. 

Horizon and locality: Stratigraphic position and 
associated fauna suggest an age about at the boundary 
between Torrejonian and Tiffanian stages, but more 
probably to be associated with Torrejonian; NE ] 4, 
Sec. 18, T55 NR 96 W, apparently slightly higher 
than Rock Bench level, Polecat Bench formation, sig 
Horn County, Wyoming. 

Specific diagnosis: Dental formula I 23/3, C 1 a 
P 4/4, M 3/3: larger than Pantolambda cavirictus in 
known parts, with dentition differing from this species 
as follows: Caenolambda Jepseni lacking pronounced 
diastema between P, and P. and having instead an 
anteroposteriorly elongated P,, which appears to have 
sheared against posterior face of upper canine; P,,, 
larger relative to P,; anteroexternal flange of jaw rami 
much more developed ; upper P* larger relative to pre- 
molar series: upper canine much more elongated an- 
teroposteriorly,  [, slightly larger than [., incisors not 
increasing in size from I, to I. as in barylambdids and 
Pantolambda bathmodon. Upper molars not as broad 
transversely as in Caenolambda pattersoni, and lacking 


“2 Named for Dr. Glenn L., Jepsen under whose direction 
this specimen and many others included in this Paper were 
collected. 


L. SOc. 


the well-developed cingular shelf of protocone of upper 
molars of latter species, Parastyle of M2 much smaller 
relative to tooth size than in Caenolambda pattersonj. 

Discussion: The distinctions of the dentition of 
Caenolambda Jepseni trom other pantolambdid species 
have been pointed out in the diagnosis of this species. 
Neither these dental characters nor the known post- 
cranial skeleton suggests that Caenolambda Jepseni pos- 
esses any characters which associate it with the non- 
pantolambdid pantodonts. — [ts Most unusual dental 
feature, not known in any other pantodont, is the large 
anteroposteriorly elongated sectorial or shearing A 
The superficial appearance and Positioning of this tooth 
is not unlike that of some cercopithecoid monkeys, for 
example Papio porcarius and Cynopithecus niger, ex- 
cept that in these species the tooth is two-rooted and 
is, of course, the P,. This convergence, to the extent 
that it is real, implies similar feeding habits. 

The possible phylogenetic relationships of this genus 
with Pantolambda cavirictus have already been dis- 
cussed and the suggestion made that the latter form 
foreshadows Caenolambda in many respects. In one 
feature, the lower dentition of Cacnolambda jepseni 
is more like that of Pantolambda bathmodon than that 
of Pantolambda cavirictus; this is in the position of 
the P,. The former species agree in having the apex 
of the P, shifted to the posterior end of the tooth: in 
the anteroposterior elongation of this tooth: and in 
lacking a broad diastema posterior to the P.. This 
sectorial specialization in Pantolambda bathmodon, 
however, is not nearly so far advanced as it is in Caeno- 
lambda jepseni. Unfortunately, the type and most 
complete lower dentition of Pantolambda cavirictus 
lacks the P,, but the close approximation of the r. 
alveolus to the posterior face of the lower canine, and 
the large diastema following the alveolus at least sug- 
gest that the apex of the P, in Pantolambda cazvirictus 
might have been at the anterior end of the tooth so 
that the upper canine could follow down the posterior 
face of the canine and across the P, to rest above the 
diastema when the jaw was closed. If the tooth had 
the conformation of the P, in Caenolambda Jepseni, it 
would clearly have interfered with the free movement of 
the canines. The Wear surface formed by the P, on 
the posterior face of the upper dentition of Pantolambda 
cavirictus, USNM 21327, suggests. however, that the 
position of the P, in this species may not always have 
been as close to the lower canine as it is in the type 
specimen. [In any event these distinctions both real 
and conjectural, in the region of the canine P, of 
Pantolambda cavirictus and Caenolambda Jepseni, and 
the more general resemblance of Pantolambda_bath- 
modon to Caenolambda jepseni in this respect, throw 
some doubt on the derivation of Caenolambda from 
Pantolambda cavirictus. It remains uncertain whether 
the general resemblance is due to such a derivation or 
to parallelism. Figure 5 js intended to show more 
clearly these distinctions in the occlusion of pantodont 
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teeth in the region just anterior and posterior to the 
canines. 

The association of the type of Caenolambda jepseni 
with several species of mammals not known to occur 
above the Rock Bench level in the Bighorn Basin of 
\Vyoming makes reference of this form to the Torre- 
jonian stage plausible in the present state of knowledge. 
The stratigraphic position of the locality of the type of 


Cacnolumbda jepseni in the Polecat Bench formation is 
in the region of the transition from the Rock Bench 
level t» the lowermost Silver Coulee beds. There are 


also the proximal and distal parts of a tibia in the 
ne collections from New Mexico in the AMNH, 
The 


proportions of this specimen collected in 1913 from 


Paleoc: 
No. 10753 which may belong to this species. 


the upper Torrejonian formation of the Escavada \Wash 
agree with the tibia belonging to the type of Caeno- 
lambda jepseni very closely, but the New Mexico speci- 
men is slightly larger. AMNH 16753 is almost cer- 
tainly too large to be within the range of Pantolambda 
cavirictus judging from the much smaller tibial frag- 
ments associated with known individuals of this species, 
for instance AMNH 965. Although this one bone is 
very slim evidence for the presence of Caenolambda in 
the Torrejon formation of New Mexico, there is no 
other known Torrejonian mammal large enough to 
have a tibia of this size, and the collecting data appear 
to be accurate. 


A basic outline of the skeletal distinctions of this 
form has already been included in the revised diagnosis 
of Caenolambda. Detailed comparisons of this unique 
skeleton with other pantodonts are included in Section 


IV, The Pantodont Skeleton. 


Caenolambda sp. indet. 


Pantolaimbda Sp. Russell, 1948: 153. 


NMC 8870, a partial upper left M°, lacking most of 
metacone. 

Horizon and locality: Presumably Torrejonian or 
Tiffanian stage Paleocene, Upper Saunders beds, Saun- 
ders series of Central Alberta; found three miles east 
of Saunders Creek station in an outcrop on the Nor- 
degg Branch of the Canadian National Railways. 

Description: Quoted from Russell (1948: 153). 

. outline of crown more rectangular than triangular, 
with anterior and posterior margins nearly parallel; ex- 
ternal margin short, with parastyle projecting strongly on 
the external side, and having a slight hook shape on the 
anterior side; paracone (and metacone) narrowly cres- 
centic; protoconule minute but distinct; protocone large, 
almost conical, anterior and posterior wings joining cingu- 
1 . . . - 
‘um; cingulum continuous except on innermost slope of 
protocone, and with a hypocone-like style at juncture 
With posterior limb of protocone. 


Discussion: This tooth was provisionally referred 
to Pantolambda by Russell, 1948, and he was entirely 
correct in stressing the similarities of this Saunders 
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Creek tooth to the upper second molars of Panto- 
lambda. Although this tooth, NMC 8870, is twice as 


large as the M* of Pantolambda bathmodon and a half 
larger than the corresponding molar of Pantolambda 
cavirictus, in conformation it approximates the latter 
forms much more closely than it does this tooth in any 
of the barylambdids, Titanoides or Coryphodon. 

The recent discovery of a new early Tiffanian panto- 
lambdid genus and species, Caenolambda_ pattersoni 
Gazin (1956: 48) greatly clarifies the problem of the 
taxonomic affinities of the Saunders Creek tooth. 
NMC 8870 almost certainly belongs to the genus Caeno- 
lambda for it agrees with the M®* of the two species of 
Caenolambda in all the features of this tooth in which 
the latter genus differs from Pantolambda. 

As Russell (1948: 153) pointed out, the Canadian 
specimen differs from the M? of both species of Panto- 
lambda in the more conical protocone and from Panto- 
lambda cavirictus only in the more quadrangular out- 
line of the tooth. In these two respects as well as in 
size, this tooth is closest to the M? of Caenolambda pat- 
tersoni, but the incomplete union of the basal cingula 
across the lingual face of the protocone is a feature of 
resemblance to the M* of Caenolambda jepseni. How- 
ever, in the Saunders Creek tooth, the labial extension 
of the parastyle is greater than in Caenolambda jepseni 
and more nearly approximates the M* in Caenolambda 
pattersoni in this regard. Since the specimen is so 
incomplete, an assignment of it to either of the two 
species of Caenolambda is unwarranted, but compari- 
sons show that this tooth is definitely outside the range 
of variability of titanoideid or barylambdid upper mo- 
lars. It consequently can be referred to Caenolambda 
with confidence. 


The possible correlations which this specimen sug- 
gests are with faunas of the latest Torrejonian or 
earliest Tiffanian stages. Cacnolambda is known only 
from beds which are close in age to the boundary be- 
tween these middle and upper Paleocene levels. 


FamMity BARYLAMBDIDAE Patterson, 1939 


Type: Barylambda Patterson, 1937, Field Mus. Nat. 
Hist., Geol. Ser. 6: 229-231. 

Included genera: Barylambda, Haplolambda, Lep- 
tolambda, and [gnatiolambda. 

Distribution: Tiffanian stage of \WWyoming and Colo- 
rado, early Eocene or latest Paleocene of Southern 
Mongolia. 

Diagnosis of family: ** Medium to heavy, gravi- 
portal pantodonts with full eutherian dentition (I' 
sometimes lacking). Lower canine ranging from very 
small and incisiform to moderately large; usually bear- 
ing an anterointernal wing, but never having a posterior 


23 Patterson’s original definition of the family has here been 
emended in order to include the genera Leptolambda and 
I gnatiolambda—quoted section is from Patterson (1939a: 
362). 
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blade. P' one-rooted; P** lacking basal cingula and 
much less quadrangular at the base than in the other 
pantodont families, particularly the Titanoideidae. 
Very slight diastema anterior and posterior to the 
lower canine and P,. Metaconid of P. , directed back- 


ward and paraconid wing anteriorly. Premolars be- 
low increasing in size posteriorly. Trigonids of lower 


molars greater in anteroposterior diameter than talo- 
nids, metastylid crests extending backward into talo- 
nids. Talonids of M,. in Barylambda as wide or 
wider transversely than trigonids. M, relatively longer 
and wider than in pantolambdids ; increase in size from 
M,., not as great as in Coryphodon. Cuspules usually 
present in the molar talonids, particularly on the M,. 
Upper incisors increasing in size markedly from I", 
I' sometimes absent; I* (Barylambda only ) large, mod- 
erately- caniniform. Upper canine small to medium 
sized. P! one-rooted, lacking protocone, — slightly 
elongated, much as in pantolambdids. P** with para- 
metacone V large and with transverse midline directed 
anteriorly; anterior and posterior crests of protocone 
present. Slight diastema present anterior and posterior 
to P'. M?** with paraconule and metaconule distinct, 
M' usually large relative to M** but not in Bary- 
lambda, largest only in Haplolambda. The author’s di- 
agnosis continues : 


Skull with anterior nares terminal; muzzle not expanded ; 
facial region short, wide, deep; nasals very wide; greatly 
expanded posteriorly; premaxillaries weak, not sutured 
medianly, ascending rami barely appearing on side of face 
and not reaching nasals; skull roof extremely wide and 
somewhat flattened across orbits; temporal ridges strong ; 
zygomatic arches but little bowed outwardly; cranium low ; 
occiput semi-circular, condyles extending well beyond it 
posteriorly. Symphysis of mandible long, sloping ; coronoid 
process high; angle large. 

Cervicals with exceedingly weak neural arches; dorsals 
and lumbars very short in comparison with those of Co- 
ryphodontidae; sacrals with high spines, transverse proc- 
esses and ribs greatly expanded and encroaching upon 
gluteal face of ilium; tail long, massive, provided with 
chevrons, deeper than wide anteriorly, spines of anterior 
caudals high, centra notably longer than those of dorso- 
lumbars, neural arches complete on anterior half of series. 

Clavicle present, well developed. Scapula almost as wide 
as long; suprascapular border extensive, gently arched; 
acromion process long, robust. Head of humerus large, 
very deep antero-posteriorly, without anterior groove, ar- 
ticular surface not extending on to great trochanter ; deltoid 
crest very strong, wide; entepicondylar foramen present; 
manus with large separate centrale; magnum articulating 
with Mc IL; phalanges shortened; unguals broad, flat, those 
of digits [I-IV deeply fissured. 

Pelvis exceedingly broad; ilium shorter antero-posteriorly 
than in Sparactolambda |Titanoides| or Coryphodon, an- 
tero-external angle considerably more anterior in position 
than genera just mentioned and bearing a plate-like process, 
ilium notched medially by gluteal process of sacrum. Fe- 
mur broad, flattened antero-posteriorly, no pit for liga- 
mentum teres in head. Tibia and fibula much more massive 
than in Coryphodontidae. Pes with heavy tarsus, relatively 
slender metatarsus and phalanges; astragalus without 
neck ; caleaneum with very robust tuber calcis, fibular facet 


small or absent; distal tarsals not displaced on metatarsals: 
phalanges shorter than in Pantolambda, longer than jy 
Coryphodon; unguals small.—Patterson (1939a: 362). 


Discussion: The large number of reasonably com- 
plete lower dentitions of Barylambda faberi and Lepto- 
lambda schmidti now known make it possible to 
estimate the approximate range of variability of pro- 
portion in the teeth of these two species. The loga- 
rithm of ratio diagram (fig. 9) in section A of the 
Appendix, shows that as in Coryphodon, the most 
variable tooth among the Barylambdidae is the canine. 
Moreover, as is clearly demonstrated in this diagram, 

lambdid 
genera are remarkably similar, much more so than 


the over-all proportions of the teeth in the bary 


was expected when the original calculations were done, 
considering that breakage, distortion, erosion, sampling 
errors, and individual variation are all acting to distort 
the original ratios of tooth proportion among the speci- 
mens compared. 

Figure 9 also indicates that the four barylambdid 
genera agree roughly in the way in which they all differ 
from the largest known pantolambdid Caenolambda, 
used as the standard in this diagram. This agreement 
in linear measurements further confirms the observed 
structural similarities which were the original basis for 
placing these genera in a distinct family. Further- 
more, this diagram tends to confirm the idea that the 
two smaller barylambdid genera, /gnatiolambda and 
Haplolambda, although close to Caenolambda and Pan- 
tolambda cavirictus in size, do not link the barylamb- 
dids with the pantolambdids. As far as tooth propor- 
tion is concerned, they are as_ typical of the 
barylambdids as are either of the larger members of 
this family. 

The agreement in linear proportions of the teeth, as 
well as the many observed similarities in the dentition 
and skeleton of the barylambdids, shows that the four 
genera belonging to this family are rather narrowly 
defined. Future discoveries might consequently make 
it possible to unite some of them, but at present they 
appear to be distinct and valid genera. It should also 
be emphasized that some of the species included in the 
Barylambdidae encompass considerable variability and 
they may well contain more than one species. The 
means of proving this supposition are not yet at hand, 
because of the fragmentary nature of some of the speci- 
mens which appear to be most divergent from species 
established here. 

The recently described Asiatic pantodont Hafio- 
lambda [|Archaeolambda| planicanina Flerow from 
beds of latest Paleocene or early Eocene age in the 
Nemegetu Basin of the southern Gobi, demonstrates 
that the pantolambdoids as well as the coryphodontoids 
occurred in both Asia and North America.  Flerow, 
in 1952, established a separate family, Archaeolambdi- 
dae, for this species, but such a separation from the 
barylambdids is not warranted. 
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Haplolambda planicanina has no resemblance to Pan- 
tolanidodon that it does not share with the other pan- 


todon's. As in the Pantodonta, but not Pantolambdo- 
don, ‘his species possesses a posterior premolar crest 
running from the protoconid to the metaconid and 
joine’ about the middle at a distinct angle by the crista 
oblig Pantolambdodon, however, has the dominant 


posterior premolar crest running from the protoconid 
direct'y backward to the posterior tip of the tooth, and 
this crest is joined at right angles by the metaconid 

Consequently, //aplolambda_ planicanina_pro- 
no support for the idea that Pantolambdodon is 


erest. 
vides 
a pantodont. 


BARYLAMBDA Patterson, 1937 


les Patterson, 1933: 415. 
des Patterson, 1934: 71. 
143. 
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Titan 
Titan 
Titanvides Patterson, 1935: 
Barylambda Patterson, 1937: 
Type species: Barylambda faberi Patterson, 1933. 
Included species: Barylambda faberi.?™ 


Barylambda faberi Patterson, 1933 


Figures 1, 4, 5, 7, 9, 11 


(25):¢ 
1935, 


Titanoides faberit Patterson 1933, Amer. Jour. Sci. 5 
415-425; 1934, Proc. Amer. Philos. Soc. 73: 71-101; 
ibid. 75: 143-162. 

Barylambda faberi Patterson 1937, Field Mus. Nat. Hist., Geol. 
Ser. 6: 229-231. 

Type: CNHM No. P-14637. 
skeleton of immature individual. 

Referred specimens: CNHM Nos. P-14898, P- 
14902, P-14944, P-14945, P-14946 (AMNH 32511), 
P-15075, P-25617, P-26110, P-26111. 

Horizon and locality: Tiffanian stage; DeBeque 
formation, Plateau Valley fauna, Mesa County, Colo- 
rado. 

Discussion: This species has been extensively de- 
scribed by Patterson (1939a) and in the earlier papers 
there cited; consequently, it will not be separately dis- 
Comparisons with this largest Paleocene 
pantodont have been made throughout the course of 
the present work and their results are included here 
principally in several of the figures, the section on 
pantodont anatomy, and the ratio diagrams, in Part A 
of the Appendix. It is curious that no specimens 
referable to this species have ever been found outside 
the Plateau Valley beds. 


Partial dentition and 


cussed here. 


PATTERSON, 1939 


HAPLOLAMBDA 


Haplolambda Patterson, 1939: 365. 
Archacolambda Flerow, 1952: 44. 


Type species: Haplolambda quinni Patterson, 1939. 

Included species: Haplolambda quinni, Haplo- 
lambda planicanina. 

Distribution: North America: Tiffanian Stage: Sil- 
ver Coulee beds, Polecat Bench formation, Big Horn 


“88 Specimens, horizon and locality are as for included species. 
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County, Wyoming. Plateau Valley local fauna, De- 
Beque formation, Mesa County, Colorado. 

Asia: Earliest latest 
Naran-Boulac horizon — ( post-Gashato), 
Basin, Southern Gobi Desert, Mongolia. 

Diagnosis: | 3/3, C 1/1, P 4/4, M 3/3, no diastema. 
Smallest barylambdids with size range about as in 
Pantolambda, Canines not enlarged; lower molar tal- 
onids distinctly narrower and slightly lower than in 
other pantodonts; M! much longer and wider than P* 
compared to their relative sizes in other barylambdids ; 
M** series typically decreasing in size posteriorly, un- 
M? is largest; no con- 
ramus of mandible be- 


Eocene or Paleocene, lower 


Nemegetu 


like other barylambdids where 
striction in depth of horizontal 
neath M.,,. 

Discussion: It is of some interest for the zoogeog- 
raphy of the Pantodonta that the recently discovered 
species ‘“Archaecolambda”’ planicanina from the Neme- 
getu Basin of the Southern Gobi Desert is assignable to 
the genus Haplolambda. The lower teeth of the Asian 
species do not exhibit any definitely distinguishing fea- 
tures from those of Haplolambda quinni, except that 
they are in most measurements about a quarter smaller. 
The interruption in the posterior protocone crest of 
the upper P* and P* of Haplolambda planicanina is a 
real distinction from the condition here in the one 
upper dentition of Haplolambda quinni, but this fea- 
ture is probably of little taxonomic importance as it 
also occurs sporadically in individual specimens belong- 
ing to Leptolambda among the barylambdids, and in 
Titanoides, Eudinoceras, and vary rarely in Corypho- 
don. If it were not for the great separation in space 
and also, apparently, in time, one might be tempted to 
question even a specific distinction, based on the exist- 
ing material, between the Asian and North American 
species of Haplolambda. The two respects in which 
the jaw and dentition of Haplolambda planicanina 
differ most from that of Haplolambda quinni are that 
the horizontal ramus of the former species is compara- 
tively more massive and that its absolute size is about 
twenty-five per cent smaller. Variations in absolute 
size among pantodont remains otherwise assignable to 
one species commonly approach twenty-five per cent, 
and differences in massiveness of the jaw ramus are 
also frequent in members of one pantodont species, so 
that neither of these characters may be very significant 
in establishing a distinction between these species of 


Haplolambda. 


Haplolambda quinni Patterson, 1939 
Figures 1, 5, 9, 11 
Haplolambda quinni Patterson, 1939, Field Mus. Nat. Hist., 
Geol. Ser. 6: 365-368, figs. 106, 107, 108. 
Type: CNHM No. P-15542. 
skeleton. 


Referred specimens: PU Nos. 16445, 16480, 16481. 


Anterior half of the 
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Horizon and locality: Tiffanian stage; DeBeque 
formation, 15 feet above the Plateau Valley 
fauna, 1$ miles north of Mesa, Mesa County, Colo- 
rado; Silver Coulee beds, Polecat Bench formation, 
SW 1/4, Sec. 22, T 54 N, R95 W, and Divide Quarry 
NE 1/4, SW 1/4, Sec. 16, T 54 N, R95 W, Big Horn 


County, Wyoming. 


base; 


Author’s diagnosis: Generally similar to Barylambda in 
the known parts, differing as follows; canines very small; 
M 3/3 reduced, metacone of M* vestigial, talonids of M:.-2 
narrower. Skull with much weaker temporal ridges. Man- 
dibular ramus more slender, symphysis shorter. Shaft of 
ramus more slender, proximal and distal ends notably wider. 
Trapezium and Me. | completely fused, the compound bone 
having a double articulation with Me. II, the additional 
articular surface situated below, slightly behind and almost 
at a right angle to the usual one; Mc. V wider, nearly twice 
as wide as the other metacarpals, distal articular surface 
with median constriction. 


Discussion: This species has previously been known 
from a individual CNHM P-15542; 


quently, it was particularly interesting to discover that 


single conse- 
a pair of lower jaws referable to this species was among 
the fragmentary specimens collected by the Princeton 
University field party of 1949 in the Silver Coulee beds 
of Big Horn County, Wyoming. The Princeton speci- 
men, No. 16445, is slightly larger than the type of 
Haplolambda quinni but agrees well with it in the 
shallowness of the mandibular ramus, and in the gen- 
eral proportions of the teeth except that the lower 
molar talonids are somewhat broader than in the Chi- 
cago Museum specimen. Both of these lower denti- 
tions are badly damaged, but the most reliable meas- 
urements have been plotted in the logarithm of ratio 
diagram (fig. 9). The two specimens of Haplolambda 
are close to /gnatiolambda in size but the lower P,_.’s 
of the latter species are proportionately smaller than in 
Haplolambda and the M.,,., comparatively larger. In 
this respect the proportions of the lower teeth of Haplo- 
lambda quinni are less like those of the pantolambdids 
than they are in /gnatiolambda. 

A left lower canine and part of a molar, PU 16449, 
although not necessarily associated, are of the proper 
size for Haplolombda. The 
than that of CNHM P-15542, but if an allowance for 
the kind of dimorphism that occurs in Barylambda and 
Leptolambda canines is made PU 16449 may not be too 
large for Haplolambda quinni. This specimen is from 
the Divide Quarry, which is located in the beds of 
early Silver Coulee age in Big Horn County, \Vyoming. 
From this quarry, an extremely small barylambdid 
tibia with an associated caleaneum, PU 16481, has 
also been recovered. It seems probable that this speci- 
men belongs to Haplolambda. Except for its smaller 
size, the tibia resembles that of Leptolambda schinidti 
more than Barylambda, and it could possibly be as- 
signed to Leptolambda. The caleaneum is definitely 
barylambdid for it bears the accessory tubercle at the 


canine 1s more massive 
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posteromedial base of the sustentacular process 
is diagnostic of members of this family. 

A fragmentary astragalus, PU 16480, from the same 
locality as the Princeton University lower dentition of 
Haplolambda quinnt No. 16445, completes the list of 
the specimens which may be referable to this species, 
It is discussed together with the other pantodont as- 
tragali in Section IV. [ 
terior half of the skeleton, which may belong to Haplo- 
lambda quinni, are mentioned here principally because 
the post-cranial skeleton associated with the type speci- 
men of Haplolambda quinni is of the anterior half of 
the body only. If the tibia and tarsal elements men- 
tioned above do belong to this species, they show 
that Haplolambda is at least as far along the way to- 
ward acquisition of the barylambdid, sub-graviportal 
stance as are the larger members of its family. 


which 


These few bones ot the pos- 


Haplolambda planicanina Flerow, 1952 


Archaecolambda_ planicanina Flerow, 1952, SSSR Paleontol- 


gicheskti Institut. Trudy 41: 43-50. 

Type: PIN No. 534-68, incomplete lower jaws 
with left canine through M,; right P,—-M,. 

Referred specimen: PIN No. 533-133, right max- 
illary fragment with P** and M’. 

Horizon and locality: Early Eocene or latest Pale- 
ocene zone, from the vicinity of Ulan and Naran 
Springs, Nemegetu Basin, Southern Gobi Desert, Mon- 
golia. 

Specific diagnosis: Protocone of P** having pos- 
terior crest broken by a cuspule, analogue of the meta- 
conule ?, size about twenty-five per cent smaller than 
Haplolambda quinni, horizontal rami of mandibles rela- 
tively more massive than in the latter species. 

Discussion: On the basis of casts and photographs 
of the type specimens of “Archacolambda” planicanina 
kindly furnished by Dr. C. C. Flerow, Director of the 
Paleontological Museum, Academy of Sciences, U.S. 
S.R., it has been possible to assign this species to the 
genus Haplolambda. Because of this, it is now evident 
that members of both of the pantodont suborders are 
distributed in Asia and North America. Haplolambda 
planicanina is the latest surviving member of the Bary- 
lambdidae. 


PATTERSON AND Stmons, 1958 


LEPTOLAMBDA 


Haplolambda sp., Edinger, 1950: 442. 
Haplolambda sp., Edinger, 1956: 19, 20. 
Leptolambda, Patterson and Simons, 1958: 1-8. 

Type species: Leptolambda schmidti Patterson and 
Simons, 1958. 

Included species: Leptolambda schmidti. 

Distribution: Late Paleocene, Tiffanian stage; Sil- 
ver Coulee beds, Polecat Bench formation, Park and 
Big Horn counties, Wyoming; Plateau Valley beds, 
DeBeque formation, Mesa County, Colorado. (The 
following diagnosis and discussion is abstracted from 
Patterson and Simons, 1958.) 
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Diaznosis: I 3/3, C 1/1, P 4/4, M 3/3, no diastema. 


Incisors above small, with lateral crest on each side; 
lower incisors larger than upper with lateral crests 
more prominent, forming a spatulate tooth compara- 
tively (onger anteroposteriorly and shorter transversely 
than Barylambda. Canines smaller than in Bary- 
lanbdv, in supposed females incisiform. Premolars of 
typical barylambdid pattern; P 1/1 one rooted; P 
usually broader tranversely than in Barylambda. Tal- 
onid bases of P.. comparatively larger than in Bary- 
lanbda or Haplolambda, with serial homologue of 
crista obliqua directed anteriorly, not running obliquely 


anterointernally to long axis of tooth as in Barylambda. 
Upper molars differing from those of Haplolambda and 
resembling those of Barylambda in M? larger than M°'; 
distinguished from Barylambda by presence of heavier 
cingula on M'*, absence of backward rotation of pro- 
tocones of M**. Metacone of M* less reduced than 
in Haplolambda. Skull with wider, longer frontal 
area than in Barylambda and Haplolambda; head as a 
whole smaller in proportion to body size than in other 
barylambdids. Cervical centra and neural arches very 
short, weak ; thoracic and lumbar vertebral centra com- 
paratively long. Postcervical vertebrae with 
neural spines than in Barylambda and Haplolaimbda. 
Caudals without (or at most with small, anterior) 
haemapophyses ; caudal centra longer in proportion to 
width and height than in Barylambda. Scapula not as 
broad anteroposteriorly, particularly in  postscapular 
portion, as in Barylambda, broader than in Haplo- 
lambda; spine proportionately narrower than in Bary- 
lambda, lacking tuberosity. Clavicle more slender than 
in Barylambda. Bones of fore limb shorter relative 
to hind than in Barylambda; deltopectoral crest of 
humerus not as flat, less projecting medially; shaft of 
ulna less broad from front to back, strongly retroflexed, 
olecranon relatively longer than in Barylambda and in 
Haplolambda. Metacarpal I and trapezium not fused 
as in Haplolambda. Metacarpal V much shorter than 
in Barylambda, relatively shorter than in Haplolambda, 
with large lateral expansion in proximal half. Prox- 
imal and mesial phalanges differing from Barylambda 
in much greater compression (or foreshortening) along 
axis of digit. Bones of hind limb less robust than in 
Barylambda; femur with more slender, less flattened 
shaft, third trochanter nearly vestigial; tibia with more 
slender shaft, no pronounced cnemial crest, distal ex- 
tremity proportionately less broad; proximal articula- 
tion for fibula less projecting laterally; tuber calcis of 
caleaneum very much shorter. 


lower 


Leptolambda schmidti Patterson and Simons, 1958 


Figures 6, 7, 9, 11, 13 


Leptolambda schmidti Patterson and Simons, 1958; Breviora 
Mus. ¢ omp. Zool., No. 93: 1-8, figs. 1-3. 


Type: CNHM No. P-26075, incomplete skull, man- 
dibles, numerous vertebrae and ribs, incomplete scapula 
and pelvis, various leg and foot bones. 
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Referred specimens: CNHM Nos. P-26076-7, in- 
complete skull, various vertebrae and ribs, incomplete 
scapula, various leg and foot bones; P-15558, P-15571, 
incomplete dentitions; CM No. 11353, facial region of 
skull with dentition; PU Nos. 14680, 14879, and 14996, 
partial skeletons; PU Nos. 14681, 14990, 14992, man- 
dibles; and PU No. 16662, maxilla. 

Horizon and locality: DeBeque formation Plateau 
Valley local fauna, Mesa Co., Colorado; lower levels 
of the Silver Coulee beds, Polecat Bench formation, 
Park and Big Horn Counties, Wyoming. CNHM Nos. 
P-26075-7 from one quarry approximately four miles 
SSK of DeBeque, Mesa Co., Colorado; CM No. 11353, 
two to three miles west of DeBeque, Mesa Co., Colo- 
rado; PU Nos. 14680 and 14681 from the south side 
of Polecat Bench, Park Co., Wyoming; PU Nos. 14879, 
14990, 14992, and 14996 from separate localities in 
sig Horn County; PU No. 16662 from Seaboard lo- 
cality in Sec. 28, T 58 N, R 100 W, Park County, 
\Vyoming. 

Diagnosis: As for the genus; size approximately as 
in Barylambda faberi or somewhat smaller, but propor- 
tions clearly very different. Specimens from both Colo- 
rado and \Vyoming fall into two rather sharply defined 
size groups, one twenty to thirty per cent smaller than 
the other. The distinction is most apparent in the 
region of the canine, within the dentition, and in the 
postcranial skeleton. 

Discussion: The ecology and affinities of this animal 
are treated in some detail by Patterson and Simons, 
1958, and will not be taken up again here. Further 
observations on Leptolambda are included in this paper 
in the comparative sections on pantodont anatomy 
(IV) and on paleoecology (VI). 

A newly discovered left maxilla from the Seaboard 
Well locality, in Park County, Wyoming, PU 16662, 
preserves the most complete unworn upper dentition 
known for this species. On the posterior protocone 
crest of the P** can be seen an accessory cuspule which 
resembles the cuspule present there in Haplolambda 
planicanina. The dentition and particularly the upper 
canine alveolus, is small. Hence, PU 16662 is typical 
of the smaller size division of this species—presumed 
to be females. 


IGNATIOLAMBDA * gen. nov. 


Type species: /gnatiolambda barnesi sp. nov. 

Distribution: Tiffanian stage, Tiffany formation, La 
Plata County, Colorado. 

Generic characters: A medium sized pantodont 
(size of a small ox) with premolar and molar dentition 
of \W-shaped lambdoid type. Canines moderate in 
size, but relatively large for a barylambdid. Lower 
canine placed somewhat more labially compared to 


24 Tgnatios, the Greek form of Ignacio, the town nearest to 
the locality of this type, plus —/lambda (\), in reference to the 
lambdoid crests on the teeth, and in harmony with the allied 
genera, Barylambda, Haplolambda, etc. 
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other teeth, and angled outward, along with surround- 
ing alveolar border. This angulation causes a distinct 
bend between the outer face of horizontal ramus and 
outer face of the symphyseal region below the incisors, 
instead of a rounded external margin of the ramus as 
in Leptolambda. No pronounced diastema above or 
below. Lower premolars of barylambdid type; P,, 
judging from alveolus, one-rooted; broad talonid on 
P., with crista obliqua directed posteriorly, not run- 
ning from apex to posterolingual angle of tooth as in 
Barylambda, Lower molars with anteroposterior di- 
ameter of trigonid slightly greater than talonid, as in 
all Pantolambdoidea ; size increase from M,_, relatively 
greater than in Pantolambda cavirictus. P?* with 
typical parametacone \, and fully crescentic protocones 
having well-developed anterior and posterior cingula, 
which posteriorly form a distinct shelf. Upper molar 
paracones and metacones almost equal in size, but 
paracone slightly larger, basal cingula well developed 
(particularly the posterior cingulum of the first upper 
molar), protocone larger and more quadrate than is 
typical of barylambdids. In this respect most nearly 
resembling Haplolambda. Metacone of M®* less re- 
duced than in Haplolambda. Unguals of manus sub- 
equal in size, large, broad, and fissured; not as long 
relative to width as in Pantolambda and Caenolainbda 
but much larger; proximal and mesial phalanges about 
as long as in Coryphodon, much longer than in Haplo- 
lambda and Leptolambda. 

Discussion: This genus is apparently as distinct 
from Barylambda, Haplolambda and Leptolambda as 
they are from one another, but since the one known 
specimen is poorly preserved, with extensive shatter- 
ing of the dentition, this form cannot be as well charac- 
terized as can the other three. Nevertheless, the diag- 
nostic features given above can be made out with ade- 
quate probability, and they show that this specimen has 
a unique combination of dental structures which make 
it impossible to refer /gnatiolambda to one of the other 
barylambdid genera without greatly altering present 
conceptions of these groups. 


[gnatiolambda barnesi * sp. nov. 
Figures 9, 12 


Type: AMNH No. 55400, poorly preserved maxilla 
with C, P*-M* on both sides, horizontal rami of mandible 
and symphyseal region with C, P.-M, on both sides 
(several teeth above and below badly shattered). Left 
manus with four digits preserved and other fragments 
of anterior part of skeleton. 

Horizon and locality: Presumed basal part of Tif- 
fany formation, east of the Florida River and west of 
Ignacio, north of the Mesa Mountains, SW 1/4, Sec. 
29, R 8 W, T 34 N, La Plata County, Colorado. 

Specific diagnosis: Not distinguished from generic. 
Only species of the genus as here defined. 


“5 Named for Harley Barnes, Jr., who found the specimen. 


Discussion: ** In the illustration of /gnatioluinhda 
barnest (fig. 12) the preserved upper teeth and the 
left lower dentition are reproduced as they are, together 
with a restoration of the probable appearance of the 
left upper and right lower dentitions. Comparison of 
this restoration and the original specimen with the 
other barylambdids confirms its affinities with this 
group, but this specimen shows several interesting dis- 
tinctions of its own, and a unique combination of other 
barvlambdid characteristics. These differences include 
the more quadrate form of the upper M!' and the ap- 
parently heavy development of the anteroexternal ange 
of the jaw ramus, both of which resemble similar fea- 
tures of Caenolambda. The significance of this simi- 
larity is, however, lessened by the breakage and frac- 
turing of both of these features in the type of /gnatio- 
lambda which makes their true conformation uncertain. 
The lower premolars of /gnatiolambda barnesi, on the 
other hand, differ from these teeth in Caenolainhda 
and resemble those of Leptolambda in their relatively 
greater increase in size from front to back. In /ynatio- 
lambda barnesi the upper canines are circular in cross 
section at the base, and show none of the anteroposterior 
elongation typical of the upper canine of Caenolambda 
and, to a lesser extent, of Pantolambda cavirictus. 

Like that of Barylambda, the I° of /gnatiolambda, 
judging by the alveolus, is not separated by a diastema 
from the canine. The presence of a heavy basal cingu- 
lum on the anterior and posterior faces of the protocones 
of M'*, combined with a lack of a distinct posterior 
rotation of the upper molar protocones, as in Bary- 
lambda, are features approximating the corresponding 
structures of Leptolambda. Altogether /gnatiolambda 
resembles Barylambda and Leptolambda somewhat 
more than its does Haplolambda, except that the latter 
genus is more nearly the same size. It is conceivable 
that if the other barylambdid genera were better un- 
derstood, or if the type of /gnatiolambda were more 
complete, it might fall within one of the extremes of 
their morphological range, but in so far as its charac- 
teristics can be made out, this new genus of barylamb- 
did appears to be distinct. 

The poorly preserved manus of AMNH No. 55400 is 
informative in one respect in that it indicates that in 
this species at least four of the unguals were sub-equial 
in size. There are no other barylambdid feet pre- 
served which so clearly demonstrate this agreement of 
ungual size in the forefoot. Large and small unguals 
are associated with several barylambdid skeletons such 
as CNHM P-14945, P-14902 and PU Nos. 14879, 
14996, but it has not been as certain before this find 
that many of the smaller unguals must belong to the 
pes, rather than to the lateral phalanges of the manus. 
Smaller ungual phalanges in the barylambdid pes would 


26 [ am deeply indebted to Dr. G. G. Simpson of the American 
Museum of Natural History for making the type of /. barnesi 
available for study and inclusion here. Dr. Simpson also 
coined the name here given to this pantodont. 
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ith the proportionately smaller size of the rest 


agree 

of the :netatarsus in these forms. Moreover, the large 
size oi this manus in proportion to the length of the 
tooth series indicates that /gnatiolambda, like the other 


barylanibdids, was comparatively small headed. 
The probable geologic horizon of this specimen is 
discussed in Section V of this paper. 


TITANOIDEIDAE 


FAMILY 


Type: Titanoides, Gidley, 1917. 

Included genus: 7itanoides. 

Distribution: Tiffanian stage of the Western United 
States ( Montana, Wyoming, North Dakota, Colorado). 

Diagnosis: Middle-sized pantodonts, having full 
placental dentition. Lower incisors with median cusp, 
and lateral ridges on each side. 
anteroposteriorly elongated, apex situated anteriorly, 
triangular at the base of the enamel, and in the different 
showing various degrees of development of 


Lower canine unique: 


species, 
a posterior blade (or wing); anterointernal wing also 
present on canine. P, two-rooted; P._, subquadrate 
at the base, crista obliqua directed posteriorly, talonids 
increasing in size posteriorly. Molar trigonids more 
elevated, wider, and longer than talonids; trigonid and 
talonid \'’s equal angled. M,_, lacking metastylids, 
but with large hypoconids, smaller entoconids, both 
distinct. M., with a slight hypoconulid crest. Upper 
incisors smaller than lower incisors, increasing slightly 
in size from [' to I*. Upper canine very large, flattened 
transversely, elongated and sabre-like; short diastemata 
anterior and posterior te upper canine. Primitive 
pantolambdid crescents retained in premolar and molar 
P' two-rooted ; protocones of P** placed some- 
what anterior to transverse midline of tooth. M'!* 
basically triangular in outline, relatively broader antero- 
posteriorly and narrower transversely than in other 
\’s of paracone and metacone subequal, 


Series. 


pantodonts ; 
parastyle and metastyle equally extended labially. M-* 
parastvle prominent, metacone and metastyle reduced. 

No posterior extension of angle of jaw, short coro- 
noid process; no fusion of symphysis. Skull with 
prominent sagittal crest—lacking the flattening of skull 
roof characteristic of Coryphodon. Premaxillaries rel- 
atively small, with slender ascending rami; zygomatic 
arches slender, and bowed outward from skull. Head 
Cervical vertebrae 
centra 

Sac- 


large in proportion to body size. 
comparatively large, with strong neural arches ; 
of thoracic and lumbar vertebrae relatively long. 
rum with low spines, transverse processes fused dis- 
tally and articulating with pelvis; anterior caudals 
small and flattened, tail apparently short. 

Clavicle wide and flattened, not elongated; coracoid 
process of scapula well developed. Humerus with ex- 


tensive articular surface on head and great trochanter, 
deltoid crest prominent, entepicondylar foramen present. 

Manus unique: with fusion of scaphoid and centrale, 
and with high, rounded lunar showing little lateral 
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expansion. Phalanges moderately long with extensive 
proximal and distal articular surfaces, having rugosities 
for muscle attachment, and at least on the first three 
digits bearing large, laterally compressed claws. 

Pelvis moderately expanded; femur with third 
trochanter small and placed high on the shaft ; tibia with 
prominent cnemial crest, intermediate in development 
between that of the Pantolambdidae and _ the 
Coryphodontidae. 

Tarsus not particularly distinctive (phalanges un- 
known) ; astragalar foramen present: tuber calcis rela- 
tively slender, lacking an accessory internal tubercle. 

Discussion: The history of taxonomic assignments 
of this particular group of pantedonts has, since the 
description of the type species in 1917, followed a 
rather complex course. Gidley (1917: 435) con- 
sidered this form to be related to the titanotheres (hence 
the name Titanoides), but noted as well its amblypod 
(pantodont) affinities. He did not attempt to assign 
Titanoides to a separate family on the basis of the 
limited material available to him, but suggested that 
future discoveries might make this necessary. Jepsen 
(1930: 508) reports that “Mr. Gidley has long since 
regarded Titanoides as an amblypod.” 

After Gidley’s publication, no further material refer- 
able to Titanoides appeared until Jepsen (1930: 506) 
described a partial lower dentition of a new species, 
Titanoides gidleyi, from the Silver Coulee beds of the 
Polecat Bench formation, Bighorn Basin, Wyoming. 
Jepsen’s suggestion that Titanoides might represent a 
direct ancestor of Coryphodon was a most reasonable 
conclusion considering the incomplete dentitions of 
Titanoides then known. Probably the most pronounced 
differences between these two genera, in the parts of 
jaw and dentition available for comparison in 1930, were 
the greater development of the premolar and molar 
paraconids, and the higher elevation of the crista 
obliqua in the molar series of Titanoides. Because of 
the many important similarities which he observed 
dentitions of Coryphodon and 
Titanoides in the family 


between the lower 
Titanoides, Jepsen placed 
Coryphodontidae. 

In 1929 a new type of pantodont was discovered in 
beds of Paleocene age in Mesa County, Colorado, and 
further remains of this form were collected in 1933 by 
an expedition of the Chicago Natural History Museum 
under the direction of Bryan Patterson. Patterson 
(1933: 417) assigned the newly discovered form to the 
genus Titanoides, but made it a separate species, 
Titanoides faberi, and in the next year he proposed a 
new subfamily Titanoidinae (1934: 72) to include the 
genus Titanoides. Patterson later concluded (1937: 
229) that this initial assignment of the species faberi 
to the genus Titanoides was not justified, and conse- 
quently proposed a new genus for the Colorado species, 
calling it Barylambda faberi. At the same time he 
created the subfamily Barylambdinae to include this 





32 SIMONS: THE PALEOCENE PANTODONTA 


species, and to this subfamily he provisionally referred 
Titanoides. 

Later in the same year Scott, recognizing the distinc- 
tive features of Barylambda faberi, placed both Bary- 
lambda and Titanoides in a new family, Titanoideidae 
(1937b: 479). Since, however, it had not been realized 
what disinctively different types of pantodonts Bary- 
lambda faberi and Titanoides primaevus were, and no 
upper dentition or post-cranial skeleton was known for 
Titanoides, Scott’s discussion of the Titanoideidae was 
based almost entirely on Barylambda faberi. The latter 
form, as will be pointed out below, was subsequently 
removed by Patterson to its own family, so that what 
Scott actually recognized in 1937 was that Barylambda 
represented a distinct family. Removal of this genus 
from the Titanoideidae left this family almost entirely 
without definition. The few distinct characters of the 
lower dentition of Titanoides primaevus then known did 
not indicate a need to maintain a separate family for 
this form. 

Simpson (1937b: 14) made the following observation 
about the taxonomic position of Titanoides at that time. 


In removing 7. faberi from Titanoides to a new genus, 
Barylambda, Patterson (1937) has necessarily deleted the 
subfamily Titanoidinae, since the characters assigned to 
that group are not in fact known in Jitanoides, and sub- 
stituted Barylambdinae. He now refers Jitanoides (sensu 
stricto) to that subfamily, but strongly emphasizes the 
tentative nature of the reference. It cannot be determined 
until skeletal material of Titanoides is found. 


Also in 1937, in a revision of the Paleocene faunas 
of the Crazy Mountain Field, Montana, Simpson 
(1937a: 265) presented a detailed analysis of the fal- 
lacies involved in associating the groups now designated 
as the Dinocerata and Pantodonta in a single order, 
the Amblypoda, and raised the two suborders to or- 
dinal rank. He recognized two families of pantodonts, 
the Pantolambdidae and Coryphodontidae, but did not 
specify to which of these families the genus Titanoides 
might be referred. In the same year Simpson (1937): 
11) described a new pantodont species, Titanoides 
seuxis, based on a fragmentary lower dentition from 
the Crazy Mountain Field, Montana. In discussing 
this form he stressed that only a very tentative assign- 
ment to family could be made for Titanoides. With 
reservations he placed this genus in the subfamily 
Pantolambdinae. 

In the course of later expeditions by the Chicago 
Museum of Natural History to the Plateau Valley area 
of Mesa County, Colorado, in the late 1930’s many 
more specimens of Barylambda faberi were collected, 
so that at present it is one of the best known Paleocene 
mammals. Two new species, representing distinctly 
different types of pantodonts, were discovered as well. 
These two new forms, Sparactolambda looki and Hap- 
lolambda quinni, were described by Patterson in 1939, 
along with further observations on Barylambda, and 
at that time he raised the Barylambdinae to family 
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status, including in this new family the genera Bary- 
lambda and Haplolambda. All other pantodont species 
then known, with the exception of those belonging to 
the dubiously placed Mongolian Pantolambdodontidae. 
which he did not attempt to assign taxonomically, were 
referred by him to the Coryphodontidae. Neither did 
he try, at that time, to divide the Coryphodontidae into 
subfamilies but suggested that future discoveries might 
clarify the taxonomic relationships of this heterogeneous 
group of pantodonts. 

In summary, it should be pointed out that by 1939 
the genus Titanoides had been successively classified 
as follows: first with the titanotheres by Gidley (1917): 
then placed in the Coryphodontidae by Jepsen (1930) ; 
later in a distinct subfamily of the coryphodontids, 
Titanoidinae (Patterson, 1934) ; subsequently in a new 
family Titanoididae (Scott, 1937); in the same year 
in the Pantolambdinae (Simpson, 1937)) ; and finally 
reassigned to the Coryphodontidae (Patterson, 1939), 
The prolongea uncertainty as to familial assignment 
for Titanoides was largely a result of the problems 
encountered in trying to classify such a fragmentary 
type. The two forms described subsequently to the 
type species, Titanoides gidleyi and Titanoides seu.vis, 
were also based on specimens that were difficult to 
classify, consisting only of fragmentary lower dentitions. 

After 1939, pending discovery of new specimens, no 
reassignment of Titanoides was attempted. In 1951, 
however, a rather surprising find by a Princeton Uni- 
versity field party made possible a much better under- 
standing of this entire taxonomic problem. Since the 
initial publication on Titanoides primaevus by Gidley, 
many persons have visited the locality, erroneously 
indicated by a photograph in Gidley’s paper as being 
that of the type specimen, without finding any further 
parts. Dr. Vernon Bailey, who collected the type 
of Titanoides primaevus in July, 1913, about three 
miles northeast of old Fort Union Buford), 
North Dakota, in the type section of the Paleocene 
Fort Union formation, believed that more of the speci- 
men might be found at the spot of the original dis- 
covery, and with this in mind he gave two photographs 
of the correct locality to Dr. Glenn L. Jepsen of Prince- 
ton University. In 1951, with the help of these photo- 
graphs, Mr. Robert Witter, then Preparator in Verte- 
brate Paleontology at Princeton, was able to relocate 
the spot where the type lower dentition had been col- 
lected and there, with Mr. Frank N. Goto, recovered 
a complete upper right dentition of Titanoides, as well 
as the left and right petrosals, occipital condyles, and 
other tooth and bone fragments. The photographic 
identification of the spot, as well as similarity of matrix 
and type of weathering of the teeth and bone in each 
of these finds at the locality from which the type of 
Titanoides primaevus was discovered, makes it virtually 
certain that they belong to the same individual, although 
the two discoveries were made thirty-eight years apart. 

As a result of comparisons of an upper right molar 


(now 
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if a pantodont from the Bison Basin, Fremont 


series 

Count. , Wyoming (U. of Wyoming No. 1039) with the 
newly (liscovered upper dentition of the type Titanoides 
prima cus, and with other pantodont species, Gazin 
(1956 47) coneluded that the genus Sparactolambda, 
Patterson (1939a) is synonymous with Titanoides. It 
now scems reasonably certain that the species Sparacto- 
lambd. looki is also a synonym of Titanoides primaevus. 
The ditferences between the upper dentition of the type 
of Tifunoides primaevus and that of Sparactolambda 
looki are in fact remarkably slight. The resemblance is 
still more striking when one considers that it is highly 
improbable these specimens from Wyoming and Colo- 


Most 
populations of single species of large living mammals as 
separate geographically as these areas of North Dakota 


rado chuld have been exactly contemporaneous. 


and Colorado could probably be shown to exhibit greater 
variation in dental characters in spite of the fact that 
they are coeval. Merriams’ classic fractionation of the 
American populations of Ursus into more than eighty 
species and subspecies is an example of the errors which 
a too zealous search for minor differences can produce. 


The identity of Titanoides primaevus and Sparacto- 
lambda lookit has now made it possible to detail the 
skeletal characters which distinguish this quite unique 
group, the titanoideids, as a separate family; for the 
skeletal material from the Plateau Valley fauna, for- 
merly referred to Sparactolambda looki, includes the 
skull, mandible, much of the spinal column, all of the 
limb bones, pectoral and pelvic elements, and most of 
The conclusion that Titanoides 
represents a distinct family is discussed in more detail 
in Section IV on the skeletal anatomy of the Pantodonta, 
and in the discussions of the major subdivisions of the 
order at the beginning of the present section. 

It should be pointed out here, however, that the many 
similarities between Titanoides and Coryphodon which 
Patterson (1939a) observed, suggest that the two forms 
might have shared a common ancestor subsequent to 


the elements of the pes. 


the splitting apart of the other pantodont stocks. These 
points of resemblance, nevertheless, are largely confined 
to the spinal column, pelvis, and some of the limb bones. 
It would be difficult to show that these agreements in 
skeletal not due to the 
pantodont heritage of the two forms, as well as to 


conformation are common 
parallelism resulting from increase in size. 

Skeletal similaries in many of the archaic mammalian 
orders, for instance those between Ectoconus and 
Pantolambda bathmodon, which have been effectively 
detailed by Matthew (1937: 164), are pronounced. 
One should probably not rely too heavily on such simi- 
larities when considering affinities between forms as 
different as Titanoides and Coryphodon as long as the 
conventional procedure is to consider the Pantodonta, 
Condylarthra, Dinocerata, etc., separate orders in spite 
of the many broad resemblances in the skeletons of these 
archaic mammals. 
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In the dentition, basicranium, and structure of the 
pes, Coryphodon and Titanoides are as divergent as are 
any of the Pantodonta. 


TITANOIDES Giptey, 


Titanoides Gidley, 1917: 431. 
Sparactolambda Patterson, 1939: 352. 


1917 


Type: Titanoides primaevus Gidley, 1917. 

Included species: Titanoides primaevus, T. gidleyi, 
T. seuxis, T. majus, T. simpsoni. 

Distribution: Torrejonian stage: Lebo No. 2, Crazy 
Mountain Field, Sweetgrass County, Montana (Gidley 
Quarry). Tiffanian stage: Silver Coulee beds, Pole- 
cat Bench formation, Park and Big Horn Counties, 
\Wyoming (Crocodile Tooth Quarry, Cedar Point 
Quarry, and other localities); Melville formation, 
Crazy Mountain Field, Sweetgrass County, Montana 
(Douglass Quarry, and other localities) ; “7itanoides,” 
Ledge, and \Vest-end localities, Bison Basin, Fremont 
County, Wyoming; Fort Union formation (type sec- 
tion), Sentinel Butte shale member, Williams and Mce- 
Kenzie Counties, North Dakota; Plateau Valley local 
fauna, DeBeque formation, Mesa County, Colorado. 

Diagnosis: As for the family. 

Discussion: The five species listed above appar- 
ently represent distinct forms, but the known differ- 
ences between them, with the exception of Tifanoides 
simpsoni, although sufficient to suggest that each spe- 
cies is a distinctly adapted population, are not great. 
It has been a frequent occurrence in this order, how- 
ever, that slight differences in the dentitions are asso- 
ciated with more radical differences in the rest of the 
skeleton. In other words, the dentition of most pan- 
todonts remains generalized, or unspecialized while the 
remainder of the skeleton, particularly its extremities, 
exhibits radically different adaptations. If this rela- 
tionship of the pantodonts in general, between little- 
specialized dentitions and more specialized post-cranial 
anatomy, is also true of species included in the genus 
Titanoides, then it might be expected that, when more 
of the post-cranial skeleton of these species is known, 
this material will emphasize the less pronounced but 
significant differences of the dentitions of these five 
species. 


Titanoides primaevus Gidley, 1917 
Figures 1, 3, 4, 5, 6, 7, 10, 14, 15 


Nat. Mus., 


Titanoides primaevus Gidley, 1917, Proc. U. S. 

431-435, 1 fig., 1 pl. 

Sparactolambda looki Patterson, 1939, Geol. Ser. Field Mus. 

Nat. Hist. 6: 354-361, figs. 100-103. 

Type: USNM No. 7934, lower right P,, M, (tri- 
gonid), M, and M,; lower left M, (posterior part of 
tooth), left and right parts of ventral region of the 
symphysis. Presumed remainder of type, PU No. 
16490, upper right premaxilla with I‘ to I*, upper right 
maxilla with C to M*, fragmentary upper left teeth 
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from P* to M*; both petrosals and occipital condyles, 
other tooth and bone fragments. 

Referred specimens: USNM No. 20029; UW No. 
1093; CNHM Nos. P-15520, P-15523, P-14984, P- 
15547, P-M 238, P-M 240, P-M 246; PU Nos. 16490 
and 16448. 

Horizon and locality: Fort Union formation, three 
miles NE of Buford, Williams County, North Dakota, 
NW 1/4 Sec. 29, T 153 N, R 102 W, McKenzie 
County, North Dakota; DeBeque formation, Plateau 
Valley fauna (several localities), Mesa County, Colo- 
rado; ‘Titanoides” Sasin, Fremont 
County, Wyoming; Silver Coulee beds, Polecat Bench 
formation, Park County, Wyoming, Center of Sec. 2, 
T 56 N, R 99 W. 

Diagnosis: Patterson (1939a: 352) has already pub- 
lished a description of this species under the name of 
“Sparactolambda looki.” 
tended to detail those features of the dentition which 
have been found useful in comparing Titanoides pri- 
maevus with the other species of Titanoides. 


locality, Bison 


The present diagnosis is in- 


[ 1/1 smallest, I 2/2, I 3/3 subequal in size; upper 
flattened 
lower incisors having central cones with lateral cusps 


incisors consisting of transversely cones, 
(or wings) lengthening the anteroposterior diameter 
of the teeth; lower incisors much larger than upper. 
Lower canine greatly elongated by the development 
of a posterior shearing shelf (or blade), apex recurved 
posteriorly and hooklike, situated at anteroexternal 
angle of tooth; anterointernal wing well developed. 
P, two-rooted, paraconid of P,., much smaller than 
metaconid, particularly on P,; talonids of P._, some- 
what lower than molar ialonids, slight development 
of the internal basal cingula. M, , 
longer and wider than talonids; entoconids consisting 
of distinct, small cuspules. Upper canine elongated 
with longitudinal ridges in the enamel converging at 
the apex, bean-shaped in cross section at the base; 
having three faces, the internal wearing against the 
lower canine, the external side of the tooth divided 
into an anterior and posterior face. P'* 


with trigonids 


successively 
increasing in size from front to back, P' with an in- 
ternal cingulum in the position of protocone, external 
wings not extended transversely from the base of the 
parametacone as in the succeeding teeth; P** proto- 
cones shifted anteriorly, posterior cingulum (position 
of hypocone) forming a heavier shelf than anterior 
cingulum. M!'* roughly triangular, parastyle and meta- 
style extended labially and also producing a relatively 
greater anteroposterior diameter, paracone and meta- 
cone \V’s subequal but paracone slightly more internal ; 
protocone broadened anteroposteriorly but relatively 
little expanded lingually; slight development of proto- 
conule and metaconule. M/* parastyle usually project- 
ing labially to a greater degree than in other panto- 
donts; metacone reduced, metastyle absent. M'*, an- 
terior and posterior cingula of protocone occasionally 
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united across lingual base of protocone, but reyer 
forming a cingular shelf. 


The cranial and post-cranial anatomy of this species 
is that on which the family Titanoideidae is based and 
it has already been outlined in the discussion of this 
family. More detailed consideration of the post- 
cranial distinctions of Titanoides primaevus is included 
in Section IV. 

Discussion: Although there 1s little doubt that the 
upper dentition of 7Titanoides primaevus from the site 
of the type specimen belongs to the same individual as 
the type, USNM 7934, there are no actual contacts 
between the parts preserved in the two finds. The 
Princeton specimen has consequently been given a 
separate number, PU 16490. Nevertheless, PU 16490 
is referred to here as the upper dentition of the type 
of the species. One of the principal reasons why the 
specific identity of the type lower dentition of Titanoides 
primaevus with Sparactolambda looki was not recog- 
nized before the upper dentition of the type of 
Titanoides primaevus was known is that the right and 
left symphyseal fragments associated with the type 
lower teeth appeared to have alveoli of premolar roots 
penetrating to within about one-half centimeter of the 
ventral surface of the mandible. Titanoides primaevus 
was consequently considered to have had a_ shallow 
horizontal ramus, entirely distinct from that of Sparacto- 
lambda looki, which has a deep ramus below the pre- 


molar series with the roots ending about three 
centimeters above the lower edge of the jaw. These 


supposed alveoli in the type specimen, however, are 
not arranged with their greatest length transverse to 
the ramus, as would be expected, but are asymmetrically 
placed, with the greatest lengths directed at oblique 
angles to the main axis of the ramus. Further, these 
cavities resemble alveoli only in the right symphyseal 
fragment and are much less distinct on the left side. 
Comparison of this region with other broken mandibles 
of Titanoides, particularly with the type of Titanoides 
majus, demonstrates that cavities in the bone often 
occur in this genus at a distance considerably below the 
actual alveoli of the premolar roots. 
certainly are not alveoli of roots, and they consequently 
do not indicate that the type of Titanoides primaevus 
had a shallow jaw. Instead, the openings probably 
were connected with the termination of the nutrient 
canal of each horizontal ramus, which does not extend 
beyond the huge root of the lower canine. X-rays 
of the mandible of the type of Sparactolaimbda looki 
show that cavities of this sort are also present in this 
specimen. If one accepts such an interpretation of the 
cavities in the mandibular fragments of Titanoides pri- 
maevus, there is little else to distinguish the lower 
dentition of Sparactolambda looki from the comparable 
teeth preserved in the type of Titanoides primaevus eX- 
cept that the type is somewhat larger in most dimensions 
and possesses a slightly higher crista obliqua and 


These cavities 
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entoc than the DeBeque specimens. The latter 
distinc’) ons do not appear to justify separating the two 
forms --ecifically, nor are there any distinctions between 
the up: er dentition of the type of Titanoides primaevus, 
PU 16:90, and that of Sparactolambda looki, which 
would «idicate that they are different species. 

The :nost striking features of the dentition that have 
been useful in distinguishing Titanoides primaevus from 
the ot! species of Titanoides are the anterior shifting 
of the protocones of the upper premolar series, P*-*, and 
the relatively smaller paraconids of the lower premolars 
and molars. It seems possible that these two structures 
interact functionally and consequently are mutually 
influencing. Another distinctive feature of this species 
is that the transverse diameter of the third molar above 


usually approximates that of the M?*, rather than being 
considerably greater. The specimen from the Bison 
sasin, UW 1093, considered by Gazin (1956: 47) to 
to this species, does appear to be Titanoides 


belong 
primacvus, but this assignment is based mainly on size. 
In the absence of the anterior dentition above and below, 
it is dificult to assign specimens to a particular one of 
the four species of Titanoides except by size, a pro- 
cedure which is usually not satisfactory. The most diag- 
nostic dental feature of Titanoides primacvus is the elon- 
gate lower canine; but, as this is preserved in only one 
of the known dentitions, it has not been helpful in dis- 
tinguishing members of this species. Secause the 
distinctive features are so rarely preserved, it is not 
entirely certain whether Titanoides primaevus occurs in 
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the collections of pantodonts from the Bighorn Basin of 
Wyoming. 

One specimen, however, from the lower Silver Coulee 
beds of the Polecat Bench formation, PU 16446, a 
partial upper right dentition, can be provisionally re- 
ferred to Titanoides primaevus. The teeth included in 
this specimen are both P*’s, a lingual fragment of the 
right P*, and the right M'*. Although these teeth 
average more than ten per cent smaller than those of 
the type in corresponding measurements, they agree 
with TVitanoides primaevus in having the protocones 
of the P** shifted anteriorly. The M* also agrees with 
the type of Titanoides primaevus in being relatively 
smaller in proportion to the M? than in Titanoides 
gidleyi. 

Titanoides seuxis Simpson, 1937 
Titanoides seuxis Simpson, 1937; Amer. Mus. Nowv., No. 940: 

11-15, fig. 4. 

Type: AMNH No. 35201, left lower jaw with P,, 
trigonids of P,, M., M, and other fragments. 

Referred specimens: CNHM No. P-15551, and 
PU No. 14617. 

Horizon and locality: Melville formation, Crazy 
Mountain Field, Montana, about 1,000 feet above Scar- 
ritt Quarry level, Sec. 26, R 14 EK, T 5 N, Sweetgrass 
County, Montana, and from the Douglass Quarry, Sec. 
18, T 5 N, R 15 E, Sweetgrass County, Montana. 
Plateau Valley local fauna, DeBeque formation, Mesa 
County, Colorado, one mile north of D. Harris ranch. 





Fic. 3. X 1/10. 


Titanoides primaevus Gidley. 


Based principally on CNHM P-15520, 
with details of cranium added from PU 16490 and USNM 20029. 
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Specific characters: Characters are given in Simp- 
son (1937b: 11) but the new specimens from Colorado 
make it advisable to redefine the species as follows: 

Smallest of the Tiffanian species of Titanoides, jaw 
equivalent in size to that of Haplolambda quinni, but 
in other respects conforming in proportion to Titan- 
oides primaevus ; ranging from twenty to fifty per cent 
smaller than the latter species in corresponding meas- 
urements of the lower dentition. Resembles Titanoides 
primaevus, CNHM_ P-15520, and differs from Titan- 
oides gidleyi in the greater reduction of the paraconids 
relative to the metaconids of the lower premolar and 
molar series. Heel of M, large, with relatively dis- 
tinct entoconid. Hypoconulid crest present on talonid 
of M.. Lower canine with an anterior cingulum, and 
much smaller relative to tooth series than in Titanoides 
primaevus but with pronounced anterointernal wing 
and posterior blade or wing, as in that species. 

Discussion: Simpson suggested (1937): 13) that 
the lower cheek teeth of this form are in several respects 
structurally intermediate between those of Titanoides 
primaevus and Pantolambda. One of the characters 
which he thus considered intermediate was the possible 
presence of a hypoconulid on the M, of the type 
specimen, AMNH 35201, but erosion and breakage of 
the talonid makes the presence of this feature uncer- 
tain. No hypoconulid is present on the M, of the 
Plateau Valley specimen, but a crest in this region is 
typical of Titanoides. A further character of this form 
which Simpson mentions as intermediate between the 
corresponding structures in Titanoides primaevus and 
Pantolambda, namely, “relatively low molar talonids,” 
is a conclusion which secms to be based on the mis- 
identification of a trigonid, considered to be that of the 
M,. Comparison of this trigonid with those of other 
specimens of Titanoides not known at the time of 
description of this species shows that the trigonid almost 
certainly belongs to the P,. Interpreted as part of a 
P,, this fragment is not unusual, for the low premolar 
talonid present here is typical of 7itanoides, in which 
the premolar talonids are always lower than those of the 
molars. The molar series of this species consequently 
shows no real approach to those of Pantolambda in this 
respect. As far as determinable, 7itanoides seuxis 
possesses all the characters of the dentition that have 
been found useful for distinguishing the titanoideids 
from other pantodonts. This species does not exhibit 
an intermediacy which would necessitate an arbitrary 
separation of the titanoideids and pantolambdids. The 
lower canine of the Colorado specimen of Titanoides 
seuxis is as distinct from the lower canine of Pan- 
tolambda as is that of any pantodont. On the other 
hand, in many of its features it is like the lower canine 
of Titanoides primaevus. In spite of the very fragmen- 
tary specimens available in 1937, Simpson’s final con- 
clusion about Titanoides seuxis is essentially correct : 
‘in parts actually known now, Titanoides seems to me 
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somewhat closer to Pantolambda than Barylainhda’ 
(1937b: 14). 

The referred specimens of Titanoides seuxis from the 
DeBeque formation, CNHM 15551, are useful in clari- 
fying the affinities of this species. These partial lower 
dentitions of two adult individuals from the same locality 
include from one side or the other the C,, P., P,, M,., 
most of the horizontal ramus of the jaw of one indi- 
vidual, and the symphyseal regions of both, one upper 
right premolar and several phalanges including one well 
preserved ungual phalanx. 

The DeBeque mandibular fragments agree with those 
of other species of Titanoides in lacking fusion of the 
symphysis ; in the position of the mental foramen heneath 
the canine, in having the greatest depth of the horizontal 
ramus beneath the canine, and the least at the posterior 
margin of the M.,; and in possessing moderately de- 
veloped flanges along the anteroexternal margins of the 
horizontal rami. The left lower canine bears an anterior 
cingulum not present in Titanoides gidleyi, \ut the 
presence or absence of this feature cannot be determined 
in the DeBeque dentition of Titanotdes primaevus, 
CNHM P-15520, since the lower canine of that 
specimen is not fully erupted. In Titanoides seu.ris the 
lower canine also possesses an anterointernal wing from 
which a prominent ridge descends along the internal 
side of the tooth root. The presence of this wing and 
ridge, coupled with the anteroposterior elongation of 
the tooth, gives it a triangular cross section at the base 
of the enamel and throughout the length of the root. 
Such a conformation of the canine is diagnostic of the 
titanoideids. It is not known to occur in the panto- 
lambdids, barylambdids, or coryphodontids (Corypho- 
don). 

These characters, together with the strongly devel- 
oped posterior blade of the lower canine, suggest that 
Titanoides seuxis, like the other titanoideids, possessed 
greatly elongated upper canines and the general digging 
and rooting adaptation which has been suggested for 
the genus (see Patterson, 1939a: 354). Corroboration 
of this possibility is afforded by the elements of the pes 
found in association with the two DeBeque dentitions 
of Titanoides zseuxis. These consist of five mesial or 
proximal phalanges and one claw, which are all ap- 
proximately twenty-five per cent smaller than compa- 
rable phalanges of Titanoides primaevus. The presence 
of claws in this species, as in Titanoides primacvus, 
rather than the more typical fissured unguals of the 
pantolambdids and barylambdids, tends to confirm the 
view that a clawed manus is typical of the titanoideids, 
and in conjunction with other skeletal modifications, to 
suggest a chalicothere-like adaptation. 

A specimen in the Princeton collection, No. 14617, 
from the Melville formation of the Crazy Mountain 
Field, most probably belongs to Titanoides seus. 
Since, however, it is from the Douglass Quarry, which 
is about 1,500 feet lower in the Melville than the locality 
of the type of Titanoides seuxis, some question as to 
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specific dentity of the two finds might be maintained. 
PU 14017 consists of a fragment of a mandibular ramus 
includii.¢ the P,.. These teeth agree with Titanoides 
seuxis 1 general size, but since the P, is not known in 
other ‘cimens of Titanoides seuxis, comparisons are 
possibl only between the lower P.’s. The P, of the 
Dougla-s Quarry specimen differs from the type of 
Titanoiics seuxis in having a greater anteroposterior 
diameter, produced by a more marked anterior extension 
of the cingulum at the base of the paraconid; but in 
size ani most other respects the two teeth are quite 
similar. They agree, for instance, in having subequal 
development of the paraconid and metaconid. One 
difference is that the Princeton specimen is widest on 


a transverse line through the metaconid, while the P. of 
CNHM 15551 is widest on a transverse line through 
the paraconid. PU 14617 agrees with Titanoides pri- 
macvus in lacking a ridge on the anterolingual slope of 
the paraconid, but differs in possessing a relatively less 
developed metaconid, which, in the latter species, is very 
large and is shifted forward to a central position on the 
lingual margin of the tooth. In both Titanoides pri- 
maevus and the Douglass Quarry specimen the P, is 
much narrower transversely than the P.; in other re- 
spects the P, in both forms is quite similar although 
the above mentioned differences in the P. can be used 
to distinguish Titanoides seusris Titanoides 
primaevits. 


from 


Two isolated lower right canines from Crocodile 
Tooth Quarry in Big Horn County, Wyoming, PU 
Nos. 16462 and 16471, are close in size and proportion 
to the canine of the DeBeque specimen of Titanoides 
seuxis, CNHM P-15551, but they have a somewhat 
shorter posterior blade. It is not possible to demon- 
strate conclusively that these are not milk canines of 
the larger Titanoides gidleyi, which occurs in the same 
quarry. If, however, these two canine teeth do pertain 
to Titanoides seuxis, the occurrence of the two species 
in this quarry confirms their contemporaneity. 


Titanoides gidleyi Jepsen, 1930: 506 
Figure 4+ 


Type: PU No. 13235, fragmentary lower jaws of 
one individual, with all teeth represented on one side 
or the other, except I,, I., P, and talonid of M,. 

Distribution: Silver Coulee 
formation, Park and Big Horn Counties, Wyoming. 

Referred specimens: PU No. 14974, part of a left 
maxilla with P?*, M?-* PU Nos. 14976, 16451, 
16453, 16459, and 16448. 

Diagnosis: A more complete diagnosis of the type 


beds, Polecat Bench 


and 


lower dentition is included in Jepsen’s original de- 
scription of the species. The features summarized here 
are those which appear to have the greatest taxonomic 
value in comparing this form with the other species of 
Titanoides. 
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Dental formula, I 73/73, C 1/1, P 4/4, M 3/3. 
Lower incisors flattened transversely with small ac- 
cessory cusps on the sides of a larger median cusp; 
lower canine having an anterointernal wing, supported 
by a distinct vertical ridge on the internal side of the 
root; posterior blade of the canine little developed. 
Metaconids of lower premolars relatively smaller than 
in Titanoides primaevus. Third molar, above and be- 
low, much larger, relative to the rest of the molar series, 
than in Titanoides primaevus. Corresponding meas- 
urements on the teeth averaging about ten per cent 
smaller than in the type species. 

Discussion: The only associated pantodont dental 
series from Crocodile Tooth Quarry ** is preserved in 
a left maxilla, PU 14974, which almost certainly be- 


longs to Titanoides gidleyi. Several isolated lower 
teeth from the same quarry, including a left lower 


canine, PU 16453, can also be referred with reason- 
able certainty to Titanoides gidleyi. The absence of 
any teeth definitely assignable to Titanoides primaevus 
further suggests that other isolated titanoideid teeth 
from this locality, most of which cannot be distinguished 
as to species, also belong to Titanoides gidleyi. The 
upper dentition of Titanoides gidleyi differs from that 
of the type species in having a more centrally placed 
protocone on the P*, a much larger M* relative to the 
M*, and in the posterior cingulum of M* forming a 
larger shelf than it does in Titanoides primaevus. In 
Titanoides gidleyi the transverse diameter of the M?® 
is one-third larger than that of the M', while in 
Titanoides primaevus the corresponding measurement 
is only one-fifth larger. 

It is therefore evident that the species Titanoides 
primaevus and Titanoides gidleyi do not differ mark- 
edly except in absolute size and in relative proportions 
of some canine, premolar, and molar structures; these 
one might attribute to individual variation. Closer 
examination, however, of the probable adaptive func- 
tions of the dentitions of these two species does not 
readily support this view. The most significant dif- 
ference in the two forms is in the shape of the pos- 
terior lobe or blade of the lower canine, which in 
Titanoides primaevus, CNHM P-15520, is greatly en- 
larged, so as to form a shearing shelf for the postero- 
internal face of the upper canine. The lower canine 
of Titanoides gidleyi, while possessing a reasonably 


gidleyi was found in Silver 
Coulee beds of the Polecat Bench formation at a somewhat 
lower level than the Princeton Quarry. The new material 
here referred to 7. gidleyi is also of Silver Coulee age, judged 
on a basis of the faunal correlations of mammalian species from 
several quarries discovered by Princeton University field parties 
at approximately the same stratigraphic levels. These quarries 


27 The type specimen of T. 


are located to the southeast of Polecat Bench proper, in Big 
Horn County, Wyoming, on a NE-SW line between Lovell 
and Greybull, Wyoming, in T 54 and 55 N, R 95 and 96 W. 
Two of these quarries, Crocodile Tooth Quarry and Cedar 
Point Quarry, have yielded teeth and jaw fragments of T. 
gidleyt. 
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similar triangular shape in cross section at the base, 
does not have the posterior lobe enlarged. In fact, the 
lower canines of Titanoides gidleyi are somewhat more 
similar in appearance to those of Coryphodon than 
they are to those of Titanoides primaevus. It does not 
seem likely that what appears to be such an efficient 
dental mechanism as the lower canine of Titanoides 
primaevus could be a dimorphic or variable character. 
The absence of a pronounced posterior canine blade 
in Titanoides gidleyi can consequently be taken to indi- 
cate that feeding habits and ecology were different in 
the two forms and that they most probably do repre- 
sent distinct species. The parallelism exhibited be- 
tween this shearing canine blade and the greatly 
elongated P, in Caenolambda jepseni, which performs 
a similar shearing action against the posterointernal 
face of the upper canine, suggests that this type of 
slicing mechanism has some particularly useful adap- 
tive function in the pantodont phylum. That such a 
sectorial region should have evolved twice, but  in- 
corporating different teeth to accomplish a similar 
mechanical function in the same region of the jaw, 
further decreases the likelihood that either of these two 
arrangements are only individual variations. 


Titanoides majus sp. nov. 
Figure 18 


Type: PU No. 16447, parts of right jaw ramus 
with symphyseal region, P., P;, part of P,, and roots, 
or alveoli, of canine, P,, and M,. 

Distribution: Lowermost Silver Coulee beds near 
Sage Point, Polecat Bench formation, Park County, 
Wyoming. 

Diagnosis: Dental 
stema between canine and P,; 
diastema behind P,, no apparent anteroposterior elon- 
gation of canine root; heavy symphysis and flare at 
anteroexternal margin of horizontal ramus; metaconids 
of lower P, and P, relatively smaller than in Titan- 
oides primaevus ; paraconid and metaconid of P, farther 
apart, and P, more quadrate at the base than in either 
Titanoides gidleyi or Titanoides primaevus; size dis- 
tinctly larger in known parts than both Titanoides pri- 
maevus and Titanoides gidleyi. 

Discussion: This very fragmentary specimen from 
one of the lowest strata of the Silver Coulee beds was 
recovered at Sage Point on the northeast side of the 


below, 73-1-4-3  dia- 
P, two-rooted, slight 


formula 


Polecat Bench proper, not far above the Rock Bench 
(Torrejonian) level. 


terest, since PU 16447 is probably the oldest known 


It is consequently of great in- 


specimen of Titanoides of Tiffanian age. 
If it can be safely assumed that the pantolambdids, 
at least in some of their more generalized features, 


28 From the Latin majus, larger, in reference to the size of 
this species compared with the other known members of the 
genus. 





most nearly approximate the ancestral pantodont stock 
then it might be expected that Titanoides majus, bela 
the earliest known species of this genus in which a part 
of the lower dentition is preserved, would show a few 
more primitive features than other titanoideid species, 
and that these features would resemble pantolambdid 
structures. To a limited extent this appears to be 
true of the lower canine of Titanoides majus. The 
crown of the canine is missing, but the tip of the root 
and part of the walls of the canine alveolus remain in 
the jaw fragments of this specimen. These fragments 
show that the canine could not have been much elon- 
gated anteroposteriorly, and that in the preserved root 
tip the tooth is sub-circular in cross section. 
molars, however, are like those of the other species 
of Titanoides in general conformation, so that there 
is little likelihood that this form could be referred to 
the Pantolambdidae. Except for absolute size and 
some details of proportion, the P,_. of Titanoides majus 
are much like those of Titanoides gidleyi. Possibly the 
rounded lower canine and diastemata before and after 


The pre- 


the lower P, are indicative of the first stage in an as- 
cending structural series leading from Titanoides majus, 
through Titanoides gidleyi to Titanoides primaevus and 
detailing the evolutionary development of the pronounced 
posterior blade of the lower canine of Titanoides pri- 
maevus. Apparently there is no posterior canine blade 
in Titanoides majus, judging from the rounded curva- 
ture of the alveolar wall in this region, and there are 
diastemata following the canine and P,. In Titanoides 
primaevus, on the other hand, the posterior extens‘on 
of the canine is so great that the premolars are crowded 
against one another, and the anterior root of the P, 
actually overlaps the root of the canine on its posiero- 
external margin. The canine of Titanoides gidleyi is 
intermediate between the other two species with regard 
to development of the posterior blade and crowding of 
the premolars. 


Titanoides simpsoni ** sp. nov. 
Figure 10 


Type: AMNH No. 35720. 
_ 

Horizon and locality: Torrejonian stage. Gidley 
Quarry NW 1/4 of NE 1/4, Sec. 23, T 5 N, R15 E. 
About 1,200 feet above the base of Lebo formation no. 
1 Crazy Mountain Field, Sweetgrass County, Montana. 

Specific diagnosis: Smallest of the species of 7itan- 
oides, intermediate in size between Pantolambda bath- 
modon and Pantolambda cavirictus. Resembling other 
species of Titanoides and differing from pantolambdids 
in more triangular form of M'*, in possession of a 
lingual cingulum on upper molar protocones of Titan- 


Right maxilla with P*, 


29 Named in honor of Dr. George G. Simpson, under whose 
direction this species was collected, and in appreciation for 
his major contributions to the understanding of the Paleocene 
mammalian faunas of North America. 
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gides ype, not a cingular shelf; in greater labial ex- 
tensio:: of metastyle of M'*; in more distinct crenula- 
tion ©: surfaces of teeth; and in lacking posterior crest 


of protocone of P*. In place of posterior protocone 


crest, basal cingulum runs along posterior base of pre- 
molars forming a small but distinct posterointernal 
basin. Differs from other species of Titanoides in 
smaller size of M*, relative to M'*; in possessing 
slight!y more distinct paraconules and metaconules in 


conjunction with a smaller protocone on upper molars. 

Discussion: This the Gidley 
Quarry, which has also yielded specimens of Panto- 
lambda intermedius and Pantolambda cavirictus, but 
there is no likelihood that the type specimen of Titan- 
oides simpsont could belong to either of these species. 
Of course, strict comparisons with Pantolambda inter- 
medius are limited by the fact that the upper dentition 
of this form is unknown, except for one upper premolar, 
P*, from the same quarry and dis- 


species occurs in 


probably P* or 
tinctly of pantolambdid type, which almost certainly 
This premolar, AMNH No. 


35724, resembles upper premolars of Pantolambda 
except that 


belongs to this species. 


bathmodon and Pantolambda cavirictus, 
it is intermediate in size, but it is easily distinguishable 
from that of Titanoides simpsoni. The type lower jaw 
of Pantolambda intermedius, USNM 8384, from the 
Gidley Quarry, is so much like that of Pantolambda 
bathmodon that even if two kinds of pantodont upper 
premolars of this size range were not known from the 
Gidley Quarry, it would still be highly improbable 
that the lower dentition of Pantolambda intermedius, 
of strictly pantolambdid type, could belong with an 
upper dentition of titanoideid type such as of Titan- 
vides simpsoni. The foregoing position as to the dis- 
tinctness of these two forms would be weakened if it 
could be shown that the supposedly distinctive charac- 
teristics of the protocone crests of the upper P** of 
Titanoides ever occur as a variant condition in panto- 
It should be pointed out that in all the 
pantolambdid upper dentitions examined, a total of 


lambdids. 


over fourteen complete enough to exhibit this charac- 
ter, there is no suggestion of any variability in the 
direction of suppression of the crests of the upper P*™* 
protocone. Nor does loss of these crests ever occur in 
individuals belonging to other pantodont species of 
North America, except in the Titanoideidae for which 
this character appears to be a diagnostic feature. 

In spite of the similarities of Titanoides simpsoni 
with other species of Titanoides, the absence of the 
larger part of the dentition, the much smaller size, and 
the relatively small M* in particular render certain 
reference of this species to Titanoides more question- 
able than for the other members of the genus. Future 
discoveries may make generic separation of this form 
desirable, but it is hardly likely that they will con- 
tradict the titanoideid characters of the P*-M?*. 
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Titanoides sp. 
PU No. 14635 


Horizon and locality: Melville formation, Crazy 
Mountain Field, Montana, about 2,000 feet above the 
Searritt Quarry level, NE 1/4, SW 1/4, Sec. 19, R 14 
Ik, T 5 N, Sweetgrass County, Montana. 

Description: Four parts of a lower canine, two 
fragments of lower premolars or molars, part of a 
talonid of an M,, and most of a right P'. 

Discussion: PU 14635 may be Titanoides gidleyi, 
but the specimen is too fragmentary to justify an as- 
signment to a known species. The base of the canine 
preserved shows that the specimen is not Titanoides 
primaevus. Since these fragments are somewhat larger 
than in the type of Titanoides gidleyi, more nearly 
approaching teeth of Titanoides majus in size, they 
may pertain to the latter species, but assignment to 
this form would be premature at present. 

The most important fact about this specimen is its 
high stratigraphic position in the Melville formation, 
about 2,000 feet above the Scarritt Quarry. Conse- 
quently, it is one of the youngest fossils from the Mel- 
ville. 


Titanoides ? sp. 
CNHM No. P-26080 


Horizon and locality: Plateau Valley fauna, De- 
seque formation, one-half mile north of “Coffee Pot,” 
Mesa County, Colorado. 

Description and discussion: CNH M P-26080 from 
the DeBeque formation of Mesa County, Colorado, 
both horizontal rami of the lower jaws, 
with the left ramus attached to the symphyseal region. 
All the teeth present are heavily damaged, except the 
left M., and M,. These teeth are like those of Titan- 
oides in all respects. 


consists of 


The root of the left canine is 
preserved also; it is extremely small for a pantodont, 
proportionally smaller than the canine root of Haplo- 
lambda quinni, One might suppose that this is an 
immature individual of Titanoides primaevus in which 
the milk canine had not yet been replaced; but the 
fusion of the symphysis, known in no other specimen 
of Titanoides, would suggest that the individual was 
mature, or that fusion of the symphysis took place be- 
fore the milk canine was replaced. In Titanoides 
primaevus, CNHM_ P-15520, however, in which the 
permanent canine has erupted, the mandibular sym- 
physis is not yet fused. 

In the present state of knowledge this specimen can 
only be classified as a titanoideid. It may or may not 
belong to the genus Titanoides, but the specimen is too 
incomplete to warrant making it a new genotype. The 
M,,., characters show that it does not belong to any 


other family of pantodonts. 
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IV. THE PANTODONT SKELETON 


INTRODUCTION 


As a group the Pantodonta, of all the Paleocene 
Mammalia, are undoubtedly the best known skeletally, 
in spite of a comparatively small total number of indi- 
viduals. Only Jgnatiolambda, of the eight North 
American pantodont genera occurring in this epoch, 
reasonably complete skull and_ postcranial 
skeleton. It is, therefore, anomalous that apart from 
Coryphodon none of the Eocene and Oligocene members 
of this order have known postcranial remains. For this 
reason, and because of the abundance of published in- 
formation on various Eocene species of Coryphodon, 
the following discussion of the pantodont skeleton will 
be limited largely to the North American Paleocene 
members of the order. 


lacks a 


SKULL 

Externally the pantodont cranium is in a general way 
like that of the other archaic mammals of the early 
Tertiary, particularly resembling those of such genera 
as Deltatherium and some of the primitive condylarths 
like Ectoconus and Periptychus. Moreover, this re- 
semblance also extends to the brain cast for Edinger 
(1956 and personal communication) reports a corre- 
spondence between the endocranial casts of Leptolambda 
and Periptychus, at least in evolutionary grade. In 
overall appearance the pantodont skull agrees with 
other primitive mammals in its relatively small brain 
case, anterior position of the nasal opening, flaring 
zygomatic arches, pronounced saggital crest, and great 
post-orbital length. 

The conformation of the 
distinctive in each of the four families of pantodonts. 
Titanoides, for instance, lacks an extension of the dorsal 
process of the premaxilla onto the lateral surface of the 
rostrum, and in this respect it agrees with Haplolambda, 
Barylambda, and probably also with Leptolambda. In 
the pantolambdids, on the other hand, there is a large 
facial extension or process of the premaxilla which is 
bounded posteriorly by an S-shaped suture and which 
extends dorsally to contact the anterior tip of the 
nasals. Among the Coryphodontidae this bone is much 
larger relative to the rest of the cranium, and provides 
a massive support for the upper incisors. In Corypho- 
don, also, the premaxilla has a facial extension, but in 
most individuals it does not reach the nasals, at least 
on the external surface of the skull. In all Paleocene 
pantodonts the premaxillaries join anteriorly in a pair 
of posteriorly directed wings which divide the anterior 
palatine foramina. Moreover, in all these forms, the 
premaxillae are slightly separated by an indentation 
between their anterior tips. In the Pantolambdidae all 
the incisors appear to be present and to increase in size 
from I' to I* in all the species included in this family. 
Judging from the upper incisor alveoli present in the 
tvpe of Haplolambda quinni, CNHM P-15542, this is 


premaxilla is reasonably 
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also the condition in some barylambdids, but in Bary- 
lambda faberi, the upper first incisor pair is usually 
missing. 

The anterior nasal openings in Barylambda and 
Haplolambda are quite broad and flaring, a condition 
which suggests a large muzzle in these forms, but in 
Pantolambda bathmodon and Caenolambda pattersoni, 
the anterior nares are proportionately much smaller. 
The rounded contours and large size of the nasal open- 
ing of the skull of Tvitanoides primaevus, CNHM 
P-15520, suggest that in this species also there may have 
been a large and flexible snout. The proportionately 
very small upper incisors of Titanoides further corrobo- 
rate this view, for if the upper lip and snout were 
enlarged they might take over part of the cropping 
function usually performed by the upper incisors—as 
among the Pecora. If the upper incisors of Titanoides 
were comparatively functionless, this might explain 
their small size. On the other hand, it is clear that 
in Coryphodon and the Asiatic members of the Co- 
ryphodontidae, the large incisors must have been fully 
functional as cropping teeth, and compared to Panto- 
lambda they are relatively huge in proportion to the 
other teeth. 

The ventral aspect of the muzzle differs little in the 
various Paleocene members of the Pantodonta. The 
exact positions of the posterior margins of the anterior 
palatine foramina are not known in any species. This 
portion of the skull is presumably preserved in one 
specimen of Pantolambda bathmodon, AMNH_ 16663, 
but because of the difficulty in getting the upper and 
lower teeth separated it has not been exposed. The 
posterior surface of the hard palate is similar in all of 
the various Torrejonian and Tiffanian  pantodont 
species; and, as in some insectivorans, the posterior 
margin of the palatine between the anterior tips of the 
pterygoids is thickened. In the barylambdids_ the 
posterior palatine foramina are small and are scattered 
in the region adjacent ‘to the lingual margins of the 
second upper molars, while in the most completely 
preserved palate of Titanoides primaevus, USNM 
20029, there is a single posterior palatine foramen about 
one centimeter mesiad to the base of the upper second 
molar. The palatine bone is seen in the Chicago 
Museum specimen of this species Number P-15520, to 
have its anterior tip contacting the posterior margin of 
this foramen and to be separated from the maxilla by 
a suture running along to the back of the palate about 
.5 cm. internal to the base of the M**. In the most 
complete skull of Pantolambda cavirictus, AMNH 963, 
the region of the palatine is not preserved, but a re- 
ferred specimen of the latter species, AMNH 17034, 
exhibits a single posterior foramen as in Titanoides. 

The lateral aspect of the rostrum in the Torrejonian 
and Tiffanian pantodonts is approximately the same. 
except for the differences in the premaxilla mentioned 
above and that in Titanoides and Barylambda the 
maxilla is relatively deeper dorsoventrally. 
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Pati rson (1935: fig. 1) indicates that in Barylambda 
faberi ‘ere is a facial extension of the lachrymal, which 
bears « distinct tubercle. The presence of this primitive 
feature in other Paleocene pantodonts has not been 
definit observed although there is some suggestion 
of a facial extension of this bone in the skull of Tita- 
noides, CNHM _ P-15520. The lachrymal foramen of 
this specimen, however, does not appear to be outside 
the or! In all the Paleocene members of this order 
there is a very large infraorbital foramen, as well as a 
relatively small orbit, bounded above by the anterior 
tips of the temporal ridges which are evident in all 


pantodont species but heaviest in Caenolambda patter- 


soni and Barylambda faberi. No distinct post-orbital 
process is known in any pantodont. The insertion of 
the anterior root of the zygomatic arch in the late 


Paleocene pantodonts is approximately above M!' ex- 
cept in Caenolambda pattersoni where it is above P?. 
The pantodont maxilla makes a long contact dorsally 
with the nasals which are typically expanded posteri- 
orly in this order. Apparently, the maxilla in all 
pantodonts makes up part of the ventral border of the 
orbit below the facial extension of the lachrymal. The 
pars orbitalis of the maxilla consists of a horizontal 
plate which is triangular and has, in all Paleocene 
pantodonts, its greatest width at the posterior margin. 
Perhaps the greatest transverse diameter of the hori- 
zontal plate occurs in Pantolambda cavirictus. In 
T. primaevus, USNM 20029, the maxilla extends along 
the internal face of the zygomatic arch to a_ point 
opposite the posterior margin of the M®*. 

The jugal in all species appears to possess two 
anterior wings; the upper being the longer and running 
along the posterior lower border of the orbit, while the 
ventral is and is directed downward. 
In Barylambda faberi and Haplolambda quinni these 
two wings are less distinct. Patterson (1935: fig. 1) 
represents the anterior dorsal wing of the jugal of 
B. faberi as making up the entire ventral border of 
the orbit and as contacting the lachrymal directly. This 
region is very poorly preserved in Paleocene pantodont 
skulls, but at least in Titanoides, USNM 20029, the 
jugal appears to be separated from the lachrymal by a 
portion of the maxilla. The jugal in the pantodont 
skull extends for a considerable distance posteriorly 
beneath the zygomatic of the squamosal. 
Furthermore, in Barylambda, in keeping with the 
greater the whole arch, the entire 
posterior extension of the jugal is broad and in Haplo- 
lambda quinni, CNHM P-15542, it is slightly expanded 
at the posterior tip. On the other hand, in Titanoides 
and Pantolambda, where the arch is more slender and 
flaring, the jugal tapers posteriorly. 

As Patterson has pointed out, the nasals of the 
Barylambdidae are distinctive. Haplolambda, Lepto- 
lambda and Barylambda all have nasals that are almost 
twice as broad in proportion to the rest of the skull as 
they are in Pantolambda, Caenolambda, and Titanoides. 


more massive 


process 


massiveness of 
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Furthermore, in the barylambdids, particularly in 
Barylambda faberi, the posterior parts of the nasals are 
enormously extended laterally. In this respect also 
Coryphodon differs from the barylambdids in having 
slenderer nasals. 

In all the Paleocene species the frontals are indented 
anteriorly by the broad posterior expansion of the 
nasals. As mentioned above, these bones bear well- 
developed temporal ridges and presumably contact 
anteriorly with the lachrymal and certainly with the 
maxilla. The ventral margin of the frontals is not well 
preserved in any Paleocene cranium I have seen, but 
at their posterior margin these bones have a V-shaped 
tip limited above by the parietals and below by part of 
the arcuate anterior margin of the squamosal. These 
features are most clearly observed in the Chicago 
Museum crania of Barylambda faberi. The frontals 
contact each other along the midline of the skull 
posterior to the point where the teniporal ridges come 
together to form the anterior tip of the sagittal crest. 
From this point backwards the parietals make up the 
sagittal crest, which usually possesses a central groove. 
Moreover, the posterior dorsal tips of the frontals taper 
into a distinct V-shaped wedge between the anterior 
tips of the parietals; and in turn the parietals at least 
of Titanoides primaevus, Pantolambda bathmodon, and 
Barylambda faberi, are separated posteriorly by small 
interparietals. Their posterolateral tips, in Barylambda 
faberi and Leptolambda schmidti, extend along the 
middle third of the margin of the lambdoid crest. In all 
these Paleocene species the top of the sagittal crest has 
either a horizontal or slightly convex outline. This 
crest in Titanoides primaecvus is quite high and narrow, 
though the extremely high and narrow sagittal crest of 
USNM 20029 shows an exaggeration of this feature 
due to distortion. The more typical structure of the 
crest can be seen in the better preserved specimen, 
CNHM P-15520. None of the North American Pale- 
ocene species of this order shows any suggestion of the 
extensive expansion of this crest into a broad flattened 
plate which is typical of the Coryphodontoidea. In the 
posterior region of the pantodont skull the parietals 
form part of the dorsal half of a concavity for the 
insertion of the huge temporal muscles; and they are 
extensively perforated, as is this same region of the 
squamosal, by numerous small nutrient foramina. 

The squamosal is broadly expanded posterodorsally, 
particularly in Titanoides. It bears a strong zygomatic 
process which has on its ventral surface a considerable 
extension of the glenoid fossa. This surface, as well as 
the post-glenoid process, is not placed as in most recent 
mammals, at an angle perpendicular to the long axis 
of the skull. Instead, all the pantolambdoid species 


differ from Coryphodon in having the transverse axis 
of the glenoid fossa situated in a horizontal plane but 
at an oblique (instead of a right) angle to the long 
axis of the skull and with the external tip of the fossa 
pointed forward. 


In other words, the whole fossa has 
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its main axis at an angle about thirty to forty degrees 
from a line transverse to the basicranium. As conse- 
quence of this arrangement the condyles of the lower 
jaws are necessarily also placed at an oblique angle. 
The post-glenoid processes in Barylambda and Haplo- 
lambda are high and about one-half shorter along their 
main axes than are those of Titanoides. A distinction 
of the latter genus in this respect is that the post-glenoid 
process is low, relatively broad, and long across the 
base, a feature which presumably correlates with the 
much wider gape of the mouth in Titanoides. 
Coryphodon, on the other hand, possesses a post-glenoid 
process which is much longer than it ever is in the 
Torrejonian and Tiffanian pantodonts. With regard to 
the width of this process, Coryphodon in most speci- 
mens resembles the Barylambdidae in that the length 
of the post-glenoid process transverse to the main axis 
of the skull is much shorter than in Titanoides. Haplo- 
lambda and Barylambda hoth possess a small accessory 
process at the posterointernal base of the glenoid 
process. 

The zygomatic process of the squamosal in Paleocene 
pantodonts reaches its greatest depth at about half its 
length anterior to the base and from this point tapers 
rapidly. The anterior tip does not lie free above the 
jugal in Titanoides and Haplolambda but abuts against 
a posterodontal flange of the jugal. The contact of 
the squamosal at its internal forward extremity with 
the alisphenoid is not well preserved in Paleocene panto- 
dont crania, nor is it clear how it joins the mastoid 
posteriorly. A process which may be the post-tympanic 
process of the squamosal is well developed in panto- 
lambdoids and this, at its posteroexternal base bears a 
large foramen. In Barvlambda, Leptolambda, and 
Haplolambda neither this process nor foramen is as 
large as in Titanoides. All these genera, however, with 
the possible exception of Haplolambda, show a low 
knob or accessory process at the posterointernal base 
of the supposed post-tympanic process. Coryphodon, 
on the other hand, has a much longer process here than 
in the pantolambdoids, and the accessory process is not 
present in the specimens examined for this paper. 

Titanoides possesses a large condylar foramen just 
anterior to the base of each of the occipital condyles. 
In the skull of Pantolambda cavirictus, AMNH 963, 
this region is poorly but the condylar 
foramina seem to be similarly located. The basicrania 
of Haplolambda, Barylambda, and Caenolambda are 
also poorly preserved in the region adjacent to the 
occipital condyles; but the condylar foramina are ap- 
parently situated somewhat more anterior to the 
condyles than in Titanoides. In Leptolambda schmidti, 
PU 14996, this more anterior position of the condylar 
foramen is clearly seen. 

The exact margins of the basioccciptal are not pre- 
cisely indicated in any of the Torrejonian and Tiffanian 
pandodont crania, except that in all these species the 
anterior margin of this bone can be distinguished by a 


preserved, 
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suture between it and the presphenoid which runs 
transverse to the long axis of the skull just behind 
line connecting the posterior bases of the postglenoid 
processes. All the pantolambdoid pantodonts seem to 
differ from the Coryphodontoidea in having a relatively 
broad exposure of the anterointernal ventral face of the 
os petrous, which in these genera bears a large central 
prominence; but this region is usually not well pre- 
served. In four specimens, however, three of Titanoides 
primaevus, PU 16490, USNM 20029, and CNH\M 
P-15520, and one of Leptolambda schmidti, PU 14996, 
this area is preserved almost intact. The following 
comments are based principally on these four specimens, 

In the specimen of Leptolambda the tvmpanohyal is 
present and is attached by a broad massive base. Its 
ventral surface is oval in outline and bears a central 
depression. In Titanoides primaevus, on the other 
hand, the tympanohyal is relatively much smaller and 
its base of attachment quite slender. Figure 15 
illustrates the surprisingly well-preserved petrosal of 
the type specimen of Titanoides primaevus with sug- 
gested identifications of parts. The tympanohyal is re- 
stored from CNHM P-15520. Otherwise, except for 
minor retouching, the specimen is reproduced as it is. 
This seems to be the oldest well-preserved Tertiary 
petrosal. The basic impression which this bone gives 
is more suggestive of general ungulate affinities than of 
a relationship with the insectivore stock. There is also 
a resemblance in this bone to that of De/tatherium, and 
a much less striking but nevertheless suggestive re- 
semblance to the petrosal of the aardvark. There is no 
evidence of an auditory bulla in any of the pantodonts 
in which this region of the skull is preserved. A tym- 
panic is present in the type of Leptolambda schmidti, 
CNHM P-26075, but this is confined to the lateral part 
of the tympanic fossa and the remainder of the bulla 
was, no doubt, cartilaginous. 

The posterior face of the occiput in all the Paleocene 
species has a semicircular dorsal outline. In Panto- 
lambda bathmodon, Haplolambda, Leptolambda, and 
Barylambda as well, this surface of the occiput lies in 
a nearly vertical plane, but in contrast, Titanoides, and 
probably also Pantolambda cavirictus and Caenolambda 
pattersoni, have the dorsal tip of the occiput projecting 
considerably posterior to the occipital condyles. 


PERMANENT DENTITION 


The distinctions in the dentitions of the various Pale- 
ocene pantodonts have already been pointed out in some 
detail in the foregoing systematic revision, and certain 
other features of the teeth which can be functionally 
interpreted as adaptations are considered in the dis- 
cussion of pantodont ecology in Section VI. The 
following remarks are, therefore, restricted principally 
to apparent evolutionary trends in dentitions of the 
various members of this order. 

In Coryphodon and Titanoides the development of 
the protocone of P? is much more pronounced than 1 
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the i intolambdidae and Barylambdidae. The latter 
two cenera are also distinguished by the presence of 
a disi uct protocone on P*. The Barylambdidae and 
Pant) ambdidae have a P! that is invariably one-rooted, 


but Titanoides this tooth is always two-rooted. 
specimens of Coryphodon and the type of Hyper- 
corypodon thomsoni also exhibit a two-rooted upper 
P'. lurthermore, among the coryphodontids and in 


Son 


Titanvides there is a much closer resemblance between 
the successive upper premolars than in the more 
primitive pantolambdids, P. bathmodon, and P. 


cavirictus. 

Although there is a superficial likeness in P' of 
Titanvides and Coryphodon, this similarity does not 
indicate a close affinity nor does it seem possible that 
Coryphodon could be derived from any of the species of 
Titanoides as now understood. The distinction between 
the two groups is particularly evident in the structure 
of the more posterior upper premolars. P** of Co- 
ryphodon have the typical pantodont paracone V and 
lingual protocone crescent with well-developed wings 
extending from the apex of the protocone along the 
anterior and posterior margins of the tooth and ending 
at the bases of the parastyle and metastyle respectively. 
Titanoides, on the other hand, lacks the posterior wing 
of the protocone entirely on P**; instead the basal 
cingulum of the tooth rises on the lingual face of the 
protocone laterally, and it forms a distinct cingular shelf 
running along the base of the posterior half of the tooth. 

In 7. primaevus and T. simpsoni, the protocone of P* 
is shifted anterior to the transverse midline of the tooth 
and the size of the posterior cingular shelf, which is 
more strongly developed on P**, tends to increase still 
more in these forms. The anterior wing from the apex 
of the premolar protocone is also disrupted in Titan- 
oldes, with the cingulum running along the 
anterior margin of the tooth. Nevertheless, there is 
usually some trace anteriorly of the primitive proto- 
cone wing above the continuous basal cingulum. Most 
probably these distinctions of the upper premolars of 
Titanoides represent a specialized rather than a primi- 
tive condition. Certainly, it is far more difficult to 
derive the upper premolars of Coryphodon from those 
of Titanoides than from the corresponding teeth of 
Pantolambda_ bathmodon, from which P?* of Co- 
ryphodon differ principally in the greater expansion of 
the anterior and posterior wings of the protocone, giving 
these teeth a more oval and less triangular outline. 

Considering the relatively simple structure of the 
pantodont upper premolar, this distinctive development 
of the anterior and posterior basal cingula of the upper 
premolars of Titanoides represents a marked variation 
on the pantodont premolar pattern which had already 
This type of premolar 


basal 


arisen in Torrejonian times. 


distinguishes Titanoides from all other North American 
Pantodonta and is also clearly unlike the broken 
posterior protocone crest of the Mongolian Haplolambda 
Considering the very minor advances in 


planicanina. 
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the pandodont dentition in other respects between the 
Torrejonion and Tiffanian stages, it does not seem 
likely that this specialization in Titanoides could have 
come about quickly. 


MILK DENTITION 


In figure + those elements of the milk dentition known 
in various species of pantodonts are illustrated. Of 
the Paleocene Pantodonta only the following forms 
have known milk teeth; first the type specimen of 
Barylambda faberi, CNHM P-14637, which includes the 
lower second and third milk premolars *’ and_ the 
upper second, third, and fourth milk premolars ; second 
PU 16451 which is probably a lower DP, or DP, of 
Titanoides, third, PU 16459 a left milk DP* which is 
associated with fragments of M' of Titanoides. Various 
specimens of Coryphodon milk teeth are present in the 
Princeton collection and at the American Museum of 
Natural History. The best preserved of these is 
AMNH 15787 (of Eocene age). The restoration of the 
milk dentition included in figure 4 is based principally 
on AMNH 15787, with corrections for the broken parts 
derived from corresponding isolated teeth in the Prince- 
ton collections of Willwood Eocene age. Patterson 
(1934: 74) pointed out one of the most interesting 
features of the milk dentition of the type specimen of 
Barylambda faberi; that DP* is molariform and has a 
distinct paracone and metacone. This is also the case in 
Coryphodon and Titanoides. In Barylambda and Titan- 
oides the upper fourth milk premolars, except for their 
smaller size, tend to resemble the M', while in Corypho- 


don, as Simpson (1929: 5) has suggested, the fourth 


upper milk premolar is transitional in its conformation 
between the upper molars of Pantolambda and_ the 
permanent molars of Coryphodon itself. This has been 
considered evidence of an affinity of Coryphodon with 
Pantolambda, and with the Torrejonian and Tiffanian 
species of pantodonts in general. 

In Barylambda faberi the protocones of the perma- 
nent upper molars are shifted somewhat posteriorly 
relative to the rest of the tooth; while, on the other 
hand, the protocones of the upper permanent premolars 
are shifted anteriorly. In this specimen DP* resembles 
the permanent molars in having the protocone directed 
somewhat posteriorly. 

The advanced condition of wear present in the milk 
molars of the type specimen of Barylambda faberi 
renders detailed comparisons with the milk dentition of 
Coryphodon difficult. Wear on the DP, of this speci- 
men, for instance, has completely removed the crown 
of the talonid; so it is not clear whether this tooth was 
molariform or not, although the rectangular outline of 
the base of the talonid suggests that it may have been. 
This is not the case, however, in Coryphodon, AMNH 
15787, where only the DP, has a molariform talonid. 


30 This tooth was not figured by Patterson (1933: fig. 1) 
because it had been dissociated from the specimen. Subse- 
quently it was recovered. 
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The DP, in CNHM 14637 resembles its adult successor 
in Barylambda in having a very wide angle between 
the paraconid and metaconid crest in the trigonid. 
Furthermore, the milk tooth PU 16451, which is al- 
most certainly a DP, of Titanoides, differs from the 
permanent tooth in this form only in its smaller size, 
and in having a groove on the internal face of the 
tooth between the paraconid and metaconid which is 
clearly more pronounced than in the permanent pre- 
molar of Titanoides. Lower milk premolars of Co- 
ryphodon are much like this tooth in having a similar 
pronounced indentation behind the paraconid. This 
character is also suggested in the much worn DP. of 
the type of Barylambda faberi; and, although the in- 
dentation behind the paraconid on the lingual margin 
of this tooth is not as great as that observed in corre- 
sponding milk teeth of Coryphodon and Titanoides, it 
is considerably more distinct than in the permanent P, 
of Barylambda faberi. 

For whatever value comparisons between milk and 
permanent dentition may have, it should be pointed out 
that the DP* of Coryphodon, although possessing many 
of the distinctions peculiar only to that genus, is sightly 
more like a permanent M' and M® of pantolambdids 
than it is like the corresponding teeth in the Titanoi- 
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deidae and Barylambdidae. The upper milk second and 
third premolars have small protocones which are shifted 
somewhat posterior to the transverse axis of the tooth. 
They resemble very closely the P? of Pantolambda 
cavirictus in this respect, and again are less like the 
upper premolars of barylambdids and _ titanoideids, 
DP! of Coryphodon AMNH_ 15787 is two-rooted, 
judging from the alveolus. This is a condition which 
does not occur in the permanent P 1/1 in any bary- 
lambdid or pantolambdid. P* is, however, two-rooted 
in Titanoides as well as in Coryphodon eocaenus and 
occasionally in other species of Coryphodon. DP* in 
Coryphodon is molariform but does not exhibit any 
features which are departures from the general form of 
the M,, except for smaller size. This tooth, like M, of 
Coryphodon, usually bears a cingulum on the anterior 
and posterior faces, has a reduced paraconid, large 
metaconid, and low and reduced crista obliqua. The 
talonid is also slightly broader than the trigonid in the 
specimens available. 

DP* of Titanoides, PU 16459, resembles M' and M? 
of this genus principally in that the labial margin of 
the tooth is long anteroposteriorly in proportion to the 
transverse diameter, and in the proportions and position 
of the protoconule and metconule. 
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C. Titanoides ? gidleyi, PU 16451, left DP2(?) reversed. 
D. Titanoides ? gidleyi, PU 16459, right DP". 

E. Barylambda faberi, CNHM P-14637 (type), right DP» 
F. Barylambda faberi, CNHM P-14637 (type), right DP? 
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MANDIBLE 


In ‘he foregoing systematic revision, emphasis has 


been ut on the considerable variability in the conforma- 
tion «! the mandible of the Torrejonian and Tiffanian 
pantoconts. Practically the only diagnostic feature of 
the lover jaw shared by all these species is the position 
of the condyle at an oblique angle to the main axis of 
the h-rizontal ramus. The long axis of the condyle runs 
from the internal tip antero-externally. 


The pantolambdid mandible is probably the most 
distinctive of the order. In this family the lower jaw 
possesses an antero-external flange at the base of the 
horizontal ramus of varying degrees of development 
which reaches its maximum size in Caenolambda 
jepseni. There is also an incipient development of this 
flange in Titanoides primaevus; but it does not project 
outward from the symphyseal region, when viewed from 
above, nearly as much as does the corresponding region 
in Pantolambda_ cavirictus and Caenolambda. This 
flange, however, is developed to about the same degree 
in Pantolambda bathmodon and Titanoides primaevus, 
so that the presence of this character is not entirely 
distinctive of the Pantolambdidae. No such flange is 
present in the Barylambdidae, but in Leptolambda 
there is a noticeable constriction in the mandibular 
ramus below the canine and premolars, which is proba- 
bly analogous to the comparable concave region in the 
pantolambdid mandible above the flange. For compari- 
son of this feature in the pantolambdid Caenolambda 
Jepseni and the barylambdid Leptolainbda schmidti, see 
figure 13. 

In all of the Paleocene pantodonts the symphyseal 
region is relatively long, and the symphysis lies in a 
plane which is inclined anteriorly. The greatest length 
and anterior direction of the symphysis occurs in the 
Barylambdidae and particularly in Barylambda faberi, 
while the most vertical positioning of the symphysis in 
any Paleocene pantodont is that observed in Titanoides 
primaevus, CNHM P-15520. A further distinction of 
the titanoideids is that the mandibular symphysis does 
not fuse, as in the other three families, before the milk 
dentition is discarded, but remains open, if not perma- 
nently, at least until after the molars are fully erupted. 
No specimen certainly assignable to Titanoides is known 
which shows fusion of the symphysis. Presumably in 
connection with the presence of the jaw flanges beneath 
the lower canines in pantolambdids, the symphysis of 
the jaw is broad, strong, and massive. Barylambdids, 
on the other hand, possess a tapered symphyseal region, 
which in Haplolambda quinni is shallow and slender. 
With the exception of the latter species, and of Haplo- 
lambda planicanina as well, all pantodont species typi- 
cally exhibit a constriction in the depth of the ramus 
posterior to the third lower molar. The position of the 
mental foramina in the Paleocene members of the order 
does not appear to be very consistent, and some 


individuals, for instance, Leptolambda schmidti, PU 
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14990, do not even agree in the location of these 
foramina on opposite sides of the mandible. In this 
specimen there is a double foramen below the left P, 
and a single opening below the right. The posterior 
foramina on the right side are almost confluent and are 
placed beneath the anterior root of the M,. On the 
left side these posterior foramina are well over a centi- 
meter apart. In pantolambdids and barylambdids alike 
there are usually one or more foramina below P,, but 
in the pantolambdids they seldom occur behind this 
point. Barylambdids usually have mental foramina 
beneath M, as well. The one known complete mandible 
of Titanoides primaevus, that of CNHM_ P-15520, 
possesses a mental foramen beneath the posterior blade 
of the canine and beneath P,. 
Coronoid processes in well-preserved Paleocene 
pantodont mandibles are almost always directed back- 
wards at an angle of about 115 degrees from a line 
drawn through the tooth row. These processes in the 
type of Haplolambda quinni are incorrectly attached to 
the rest of the mandible as restored, so that the back- 
ward slant is lost in this specimen. The correct back- 
ward tilt of the process in this genus is 
preserved in the specimen from the Polecat Bench 
formation, PU 16445. The strong backward tilt of the 
coronoid processes of Barylambda_ faberi CNHM 
P-14902, indicated in Patterson (1934: fig. 3), is much 
more pronounced than in the other specimens of this 
species and is surely due to distortion; Patterson later 
figured a mandible showing the correct inclination. 
Presumably Patterson’s 1934 figure is the one Granger 
and Gregory (1934: 6) referred to when they compared 
the backward inclination of the ascending mandibular 
ramus of Pantolambdodon with “Titanoides” (Bary- 
lambda). In those forms with moderate or relatively 
small canines, such as the various barylambdid species, 
the coronoid process is relatively long ; but in Titanoides 
primaecvus, Caenolambda jepseni, and Pantolambda 
cavirictus, all of which species have elongate upper 
canines, the length of the coronoid process is much 
reduced—a feature which presumably facilitated wider 
opening of the mouth, as in the machairodonts. 
Another characteristic of the mandible, which the 


latter three species share, is the reduction of the 


coronoid 


posterior extension of the jaw angle, also a feature to 
be correlated with the wider opening of the mouth. 
Conversely, the angle of the jaw has a considerable 
posterior extension in those pantodont species which 
have small or only moderately large canines; such as 
Pantolambda bathmodon, Barylambda faberi, Haplo- 
lambda quinni, and Leptolambda schmidti. In Co- 
ryhodon, the problem of opening the mouth wider to 
clear the large canines has been solved in another way 
than by the reduction of the posterior extension of the 
angle of the jaw. The zygomatic base has instead been 
shifted posteriorly toward the occipital condyles. 
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A. Coryphodon sp., generalized diagram based on several speci- 
mens of Eocene age in the PU collections from the Bighorn 
Basin of Wyoming. 

B. Titanoides primaevus Gidley. Upper dentition based on 
PU 16490 (type) and CNH! P-15520; lower dentition based 
on CNHM P-15520. 

C. Haplolambda quinni Patterson. 
men CNHM P-15542. 


Drawn from the type speci- 


HYOID ARCH 


the hyoid ele- 
ments have been recovered with only one pantodont 
specimen, an individual of Leptolambda schmidti, PU 
146080. If the identifications are correct, the 
considered to be the basihyal has a pointed median 
process which extends anteriorly. Posterior to the 
median process and between the articular region for the 
thyrohyals there is a pronounced concavity. Two 
much broken and distorted bones appear to be the parts 
of the thyrohyals proximal to the basihyal. They are 
not fused to the basihyal; but since this individual was 
not fully adult (judging from the incomplete closures 
of the epiphyses in the radius and ulna and other limb 
bones), it remains possible that in older individuals 


Fragmentary bones believed to be 


bone 


they would have anklyosed to the lateral extremities of 
the basihyal. A single flattened bone with a thin shaft 
and expanded at one end may be the distal portion of 
the stylohyal. As previously mentioned, the tympano- 
hyal is known in Titanoides and the barylambdids. It 


Specializations of the pantodont anterior dentition. 


(Not to scale.) 


I). Barylambda faberi Patterson. Based on CNHM P-14902 
and P-14944. 

E. Caenolambda jepseni sp. nov. 
dentitions of type, PU 14863. 

lk. Pantolambda cavirictus Cope. 
from U SNM 21327 (reversed) ; 
16723. Lower dentition drawn 


slightly reduced. 


Drawn from upper and lower 


Upper dentition and maxilla 
premaxilla from AMNH 
from type, AMNH 3961, 


is a short bone with little or no neck, expanded, 
subcircular, and concave on its ventral face. 


VERTEBRAE 


The vertebral column in the Paleocene Pantodonta 
is remarkably well known, particularly among the Bary- 
lambdidae, and it is almost as completely known in the 
Titanoideidae and Pantolambdidae. For Barylambda 
faberi several virtually complete series of vertebrae 
have been recovered, together with the skeletons of this 
species, from the Plateau Valley beds of Mesa County, 
Colorado; and for Leptolambda schmidti, PU 14996, 
some cervical, thoracic, lumbar, and caudal vertebrae. 
Fragmentary vertebrae of the anterior half of the skele- 
ton are preserved in the type specimen Hapflolambda 
quinni, CNHM_ P-15542. The titanoideid — spinal 
column is known principally from one specimen of 
Titanoides primaevus, CNHM P-15520, also from the 
Plateau Valley beds. This individual includes the first 
five cervicals, a number of broken and distorted thoracic 
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and lu: ‘bar vertebrae, and three sacrals. There are also 
severa' isolated vertebrae of the titanoideid type from 


quarrics in the Silver Coulee beds of the Polecat Bench 
format on of Big Horn County, Wyoming, as well as a 


few ele nents of the spinal column associated with other 
ns of this family from the Plateau Valley, 
principally CNHM_ P-15547, P-15541, P-15523. In 
the Pantolambdidae the most complete spinal columns 
preserved belong to Pantolambda bathmodon, AMNH 
16663, Pantolambda cavirictus, AMNH 2556, and the 
type specimen of Caenolambda Jepseni, PU 14863. 
This last specimen includes seven cervicals, twelve 
thoracic, five lumbar, and two caudal vertebrae. 


specin 


CERVICAL VERTEBRAE 


In Cacnolambda, the cervical vertebrae are particu- 
larly short and broad, and the neural spines are less 
robust than in Titanoides or Coryphodon. They ap- 
pear to be almost as much reduced in this respect as in 
Barylambda faberi.. In proportion to the lengths of the 
centra of the thoracic and lumbar vertebrae, the cervical 
central of C. jepsent are slightly shorter than in 
Barylambda, 

The atlas of Caenolambda has the 
processes broken off ; but in the remainder of the speci- 
men there is close confirmation in size and proportion 
to an atlas associated with a very fragmentary 
skeleton, AMNH 2556, presumed to belong to Panto- 
lambda cavirictus, from the Torrejon beds of Escavada 
Arroyo, New Mexico. In the latter specimen  sur- 
faces for articulation with the condyles of the skull seem 
to be deeper and somewhat more recurved dorsally than 
in Caenolambda. The region of the neural spine of the 
atlas is not preserved in Caenolambda, but in the atlas 
of Pantolambda cavirictus there is only a slightly devel- 
oped spinous process. The latter agrees in this respect 
with the atlas in Leptolambda and Titanoides. The atlas 
of Caenolambda resembles that of Pantolambda 
cavirictus, AMNH 2556, except that the anteroposterior 
length of the latter specimen is somewhat greater, and 
the transverse process bearing the foramina for the verte- 
brarterial canal is much less compressed from front to 
back, than in Caenolambda. The spine of the axis in 
Caenolambda jepseni is broken along its dorsal margin, 
but its posterior extension does not appear to have been 
as long or heavy as in AMNH 2556, judging from the 
portion preserved. The median ridge at the base of 
the centra of AMNH 2556 is much more pronounced 
than in Caenolambda, and it is bifurcated posteriorly. 
The centrum of the third cervical in Caenolambda 
Jepseni is longer than are the succeeding cervicals, all 
of which have bi-concave centra, the posterior concavity 
being the deeper. Transverse processes preserved in 
the second through sixth cervicals are all directed 
posteriorly, but are not as elongate or robust as, for 
instance, in Ectoconus or Tillodon. The sixth cervical 
vertebrae of Caenolambda exhibits the typical broad 
Most of 


transverse 


also 


inferior lamellae of the transverse processes. 
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the neural arch of the seventh cervical of this specimen 
is missing; but if it is properly pieced together (and 
this is not at all certain) it indicates that the transverse 
process of the seventh cervical is imperforate in 
Caenolambda. 

The cervical vertebrae of the larger Torrejonian and 
Tiffanian pantodonts are distinctly divided into two 
types: the relatively small anteroposteriorly compressed 
vertebrae of the Barylambdidae ; and the more massive 
cervicals of Titanoides, which have considerably longer 
centra, heavier laminae, and higher neural spines. In 
the latter group the transverse processes are also longer 
and directed more posteriorly than in Caenolambda. 
The cervicals of Pantolambda are about intermediate 
between those of the barylambdids and titanoideids in 
these respects; but in Caenolambda they are more like 
those of the barylambdids in their relative reduction, 
although the neural spines are higher. An isolated axis 
from Crocodile Tooth Quarry, in the Silver Coulee beds 
of the Polecat Bench formation, PU 16482, is very 
similar to that belonging to the Plateau Valley skeleton 
of Titanoides primaevus, CNHM P-15520; and these 
two vertebrae are distinctive in possessing a relatively 
great central length for a pantodont, the cervical centra 
being in PU 16482, over a half longer proportionately 
than in Caenolambda jepseni and Barylambda. Some 
specimens of Coryphodon also have a comparatively 
long centrum of the axis, but none are as long relative 
to width, as is the Crocodile Tooth Quarry specimen. 

In absolute size, the atlas of Coryphodon is a third 
or more broader than that of the larger Tiffanian 
pantodont species, such as Barylambda_ faberi and 
Leptolambda schmidti; and in proportion to body size, 
it is greater still. This enlargement of the atlas and 
cervicals in Coryphoden is undoubtedly related to the 
proportionately larger head of this pantodont. 

The prezygapophyses of the cervicals of Titanoides 
primaevus are slightly less widely expanded laterally 
than in other pantodonts, including Coryphodon. 


DORSAL VERTEBRAE 


A total of twelve dorsal vertebrae are preserved with 
the type specimen of Caenolambda jepseni, but this is 
presumably not the complete series. In Coryphodon, 
for instance, the number of dorsal vertebrae is seven- 
teen, while in Barylambda it is fifteen. The total number 
of dorsals among the Pantodonta is known only in these 
two forms; but a few elements of this series have been 
recovered with skeletons of P. bathmodon, Titanoides, 
and Leptolambda as well. 

In the anterior dorsals of Caenolambda jepseni the 
spines are long and are strongly directed backwards ; 
but in the last three of the series, they are shorter, 
elongated from front to back and slightly expanded at 
the tips. In the last two members of the series pre- 
served in C. jepseni, PU 14863, they are placed 
vertically. The backward direction of the spines ends 
with the eighth dorsal of PU 14863, and it is presuma- 
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bly at this point that some vertebrae are missing. On 
the most anterior dorsals of Caenolambda the facets 
for the articulation of the heads of the ribs face almost 
directly anteriorly and posteriorly on the anterolateral 
and posterolateral margins of the centrum. The trans- 
verse processes increase in size posteriorly, and after 
the second or third dorsal, are relatively high, as in 
Barylambda, and are directed backward and slightly 
inward at their tips. The neural spines of the dorsals 
of Barylambda faberi, CNHM P-14945, are compara- 
tively massive. In Coryphodon the height and _ thick- 
ness of these spines vary considerably, but in the spinal 
column of Coryphodon figured by Osborn (1898): 
fig. 23) they are relatively large. The postzygapophy- 
ses of the dorsals of C. jepseni are larger than the 
prezygapophyses and are somewhat concave. In the 
most posterior members of the dorsal series of this 
species the anapophyses and metapophyses increase in 
size toward the back. The dorsal metapophyses in 
Caenolambda form rounded knobs but are not expanded 
at their tips as in Trogosus, while the anapophyses are 
elongate posteriorly and pointed. In proportion to the 
length of the lumbars, the average length of the dorsal 
centra of Caenolambda is slightly less than in Bary- 
lambda, Patterson (1939a: 357) remarks however, of 
“Sparactolambda” |= Titanoides| that the *. . . dorsals 
and lumbars agree with those of Pantolambda and 
Coryphodon in having much longer centra than those 
of Barylambda.” It is clear that, at least in the best- 
known pantolambdid spinal column, the relative propor- 
tions of the lengths of the dorsal and lumbar centra are 
much closer to those of the Barylambdidae than to the 
other pantodont families. However, all barylambdid 
centra are relatively high in proportion to length. None 
of the specimens of Pantolambda bathmodon at the 
American Museum includes a very complete dorsal 
series; and of the best preserved specimen Matthew 
(1937: 176) remarks: 

The three last dorsals are much as in /ctoconus, except 

that the centra are rounded beneath without median ridge 
and the anterior zygapophyseal process is less prominent 
and is compressed into an oblique plate .... 
In this regard the posterior dorsals of the specimen here 
referred to P. cavirictus, AMNH 2455, are somewhat 
intermediate between P. bathmodon and Caenolambda 
in that there is only a slight suggestion of a median 
ridge. This ridge in Caenolambda is strongly de- 
veloped. In both AMNH 2455 and Caenolambda, 
PU 14863, the lateral faces of both dorsal and lumbar 
vertebrae are deeply excavated. Both specimens also 
agree in having the anterior and posterior faces of the 
dorsal vertebrae concave. In Caenolambda the posterior 
concavity is noticeably deeper, but in AMNH 2455 the 
reverse is true. In both of these pantodonts the facets 
for the rib tubercles face anterolaterally. 

The few known dorsal vertebrae of Titanoides are 
not well preserved, but they appear to resemble those 
of Caenolambda a little more closely than they do those 
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of Barylambda, particularly in having shorter spines 
As mentioned already, however, they have proportion- 
ately longer centra. 


LUMBAR VERTEBRAE 


The specimen of Pantolambda bathmodon, \MNHY 
16663, preserves five lumbar vertebrae; and this is also 
the number of lumbars associated with the type of 
Caenolambda jepseni, as well as with specimens of Bary- 
lambda jaberi. Osborn (1898a: 85) gives the number 
of lumbars in Coryphodon ?testis, AMNH 2829, as 
five; but Patterson (1939b: 102) reports only four 
lumbars in a specimen of Coryphodon 2ele phantopus, 
It would appear that the primitive number of lumbar 
vertebrae in this order must have been five. 

The relative positions of the five lumbars preserved 
in P. bathmodon, AMNH_ 16663, are not certainly 
known; and it is evident the series is not complete in 
the provisionally referred specimen of P. cavirictus, 
AMNH 2455, notwithstanding Wortman’s remarks to 
the contrary. It is, therefore, fortunate that the type 
of Caenolambda jepsenit includes all five members of 
the series. As in Barylambda, the transverse processes 
of the lumbar vertebrae of Caenolambda increase in size 
posteriorly. These processes in the posterior three 
members of the series (in both forms ) are quite flattened 
and long, and their extremities are directed slightly 
anteriorly. In the first and second lumbars of Caeno- 
lambda jepseni anapophyses are present arising on the 
posterolateral bases of the transverse processes, but they 
are not distinct in the remainder of the series. The 
lumbar neural spines of the type specimen, PU 14863, 
are not as high as those of the barylambdids; but in 
proportion to the length of the centra of the rest of 
the vertebral column they are about as long as in the 
barylambdids. The depth of the centra is, however, 
much less in the lumbars of Caenolambda jepseni. The 
neural spines of these vertebrae in C. jepseni have their 
axes placed vertically as in AMNH 2455 (Pantolambda 
?cavirictus) and in Barylambda faberi; but in Caeno- 
lambda their apices are apparently more broadly ex- 
panded than in other pantodonts and are triangular 
in outline when seen from above, with the point directed 
forward. A similar condition is present in the lumbar 
neural spines of the Polecat Bench Coryphodon PU 
14685; but in this individual, as was noted by Osborn 
(1898a) for Eocene specimens of this pantodont, the 
lumbar prezygapophyses are set in an almost vertical 
plane. In Caenolambda, on the other hand, the zyga- 
pophyses are more broadly expanded so that the post- 
zygapophyses face outward and much more vertically 
than in Coryphodon. In the latter form the neural 
spines of the lumbar series are directed even more 
posteriorly than in pantolambdids or barylambdids. In 
PU 14685 the preserved lumbar transverse processes 
are relatively thick dorsoventrally and near their bases 
are constricted from front to-back so that they are 
approximately circular in cross section. At their tips, 


ae ae 


—— 
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howeve’, they are expanded. In contrast to this, these 
process °s in Caenolambda are broad and flat at their 
bases ond apparently taper toward their tips. Bary- 
lambde faberi, AMNH 32511, on the other hand, 
possess a distinct neck or constriction near the base of 
the luuibar transverse process. This is particularly 


evident on the fifth lumbar of the American Museum 


specimen. 

The ‘umbars of T. primaevus are rather like those of 
Caenolaimbda in conformation and in proportion to their 
total height much longer anteroposteriorly through the 


centrum than those of Barylambda. 


SACRUM 


There are three sacral vertebrae associated with the 
pelvis of Pantolambda bathmodon, AMNH_ 16663. 
This also appears to be the usual number of sacrals in 
Barylambda faberi, and it may be that three is the 
typical number of sacrals in this order. 

The sacrals of Pantolambda bathmodon are distinc- 
tive in that they lack the fusion of their neural spines 
which occurs in some of the later pantodonts. More- 
over, a fragment of the last sacral of the provisionally 
referred specimen of Pantolambda cavirictus, AMNH 
2455, indicates that at least the spine of the most pos- 
terior sacral in this form, was not fused with those 
anterior to it. Nevertheless, the number of sacrals 
cannot be determined in this specimen, nor is their 
number known for certain in Titanoides primaevus. 
The Paleocene pelvis of Coryphodon illustrated in Fig- 
ure 16 has three sacral vertebrae and a pseudosacrum 
posterior to it which includes at least four of the an- 
terior caudals. Characteristically Barylambda faberi 
has three sacral vertebrae, but in one specimen, CNHM 
P-14944, a fourth vertebra is fused to the sacrum. The 
number of sacral vertebrae in Leptolambda schmidti 
is also three; and, as in Barylambda, two adjacent 
sacrals of the immature specimen of Leptolambda, PU 
14996, have their neural spines fused. In Barylambda 
faberi the two anterior sacral spines are usually fused 
but are separate from the neural spine of the last sacral 
vertebra. In all the Paleocene pantodonts, with the 
exception of Coryphodon, PU 14685, the postzyga- 
pophyses for articulation with the anterior caudal are 
distinct. These species also agree in that the transverse 
processes of the sacrals are expanded at their lateral 
margins and fused together from front to back, form- 
ing a rigid sacral mass for articulation with the ilia. 
Apparently co-ossification of the sacrum with the ilia is 
complete in Coryphodon and Barylambda faberi, even 
in young adults; but in the pelves of Titanoides pri- 
maevus and Pantolambda cavirictus the ilia do not 
appear to have ankylosed completely with the sacrum. 


CAUDAL VERTEBRAE 


Two anterior caudal vertebrae associated with the 
type of Caenolambda jepseni, PU 14683, resemble very 
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closely those associated with the pelvis provisionally 
referred here to Pantolambda cavirictus, AMNH 2455. 
The centra of these vertebrae are short compared to 
those of some Creodonta and Condylarthra, but not 
nearly as short proportionately as the anterior caudals 
of Leptolambda, PU 14996, and of Barylambda. The 
two caudals recovered with Caenolambda, PU 14863, 
have cylindrical, bi-concave centra, complete neural 
arches and strong imperforate transverse processes. 
That these two caudals belong in the first three or 
four of the series is suggested by the fact that from 
about the fifth caudal on back in Barylambda, Lepto- 
lambda (and presumably other pantodonts) for the 
next eight to ten vertebrae the transverse processes 
are perforated, but there is no perforation of the process 
anterior to the fifth or sixth. The two caudals of 
Caenolambda preserved are large and lack perforations 
of the transverse processes, consequently suggesting 
an anterior position for them. As Wortman (1897: 
84) mentioned with reference to the specimen AMNH 
2455 (here referred to Pantolambda ?cavirictus) chev- 
ron bones are present on the anterior caudals.  A\l- 
though the two caudals of Caenolambda found are from 
this region of the tail, no chevron bones were recov- 
ered with this specimen. It is interesting to note the 
presence of chevrons in Pantolambda, as they have 
formerly been considered diagnostic of the Barylamb- 
didae alone (see Patterson 1939a: 362). It is there- 
fore curious that no chevrons have been recovered with 
any of the specimens of the smaller species of Panto- 
lambda. The transverse processes of the anterior 
caudals of both Caenolambda jepseni and Pantolambda 
cavirictus have their tips directed downward and pos- 
teriorly ; and, in proportion to the vertebrae as a whole, 
they are much larger than in Barylambda or in Lepto- 
lambda. In the latter two genera the laminae of the 
neural arches and the neural spines are higher than 
they are in Caenolambda and Pantolambda cavirictus. 
In the latter two pantolambdids the neural spines ap- 
parently die out after the second or third caudal but in 
Barylambda approximately the first ten caudals have 
well-developed neural spines. It is certain that in this 
genus the chevrons as well are more numerous. This 
vertically expanded and laterally compressed tail in 
Barylambda is clearly a highly distinctive specializa- 
tion for this order. 

In contrast to the relatively huge tails of the Bary- 
lambdidae and Pantolambdidae, which are neverthe- 
less quite distinct from each other, Titanoides resembles 
Coryphodon in having a much-reduced tail, as has been 
emphasized by Patterson (1939a: 367). <A single iso- 
lated caudal from Crocodile Tooth Quarry, PU 16487, 
resembles closely those associated with specimens of 
Titanoides at the Chicago Natural History Museum, 
but is asymmetric, the right transverse process only 
being perforated. This caudal and others belonging to 
T. primaevus at the Chicago Museum are all strikingly 
like those of Coryphodon. 
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RIBS 


For most of the Paleocene species of pantodonts at 
least some of the ribs are known, but, with the excep- 
tion of some individuals of Barylambda faberi, few pan- 
todont specimens are complete enough in this respect 
for really detailed comparisons. Parts of about twelve 
ribs were recovered with the type of Caenolambda jep- 
seni, but none of them are complete. However, the 
most anterior of these are flattened along the shaft, 
expanded distally, and the tubercles are distinctly set 
off from the heads. Fragments, presumably belonging 
to more posterior ribs, are oval in cross section. The 
ribs associated with the mounted skeleton of Panto- 
lambda bathmodon at the American Museum of Natural 
History are not really complete enough to make com- 
parisons possible. This is also true of the ribs re- 
covered with the specimen of Titanoides primaevus 
from the Plateau Valley CNHM P-15520. The ribs 
seen in the mounted skeletons of Barylambda faberi 
are shorter compared to the body as a whole than in 
Coryphodon; but, as Patterson (1939): 104) indicates, 
there is apparently some variability in the length of the 
ribs within the latter genus. 


CLAVICLE 


The clavicle is known in Coryphodon as well as in 
all of the earlier genera of pantodonts, except /gnatio- 
lambda. As might be expected among the earlier Tor- 
rejonian and Tiffanian forms, the clavicle is relatively 
large and well developed compared to the condition 
of this bone seen in Coryphodon. Probably the most 
distinctive form of the clavicle among the Pantodonta 
is that of Titanoides, which has an extremely flattened 
shaft. In the type of Caenvlambda jepseni, on the other 
hand, this bone has a much thinner shaft that is oval in 
cross section and larger at the sternal end. In Lepto- 
lambda schmidti, PU 14996, it is intermediate in size 
between that of Caenolambda and of Barylambda. A\ll 
barylambdid clavicles resemble that of Barylambda fig- 
ured in Patterson (1934: 81). Concerning the clavicle 
of Pantolambda bathmodon, Matthew (1937: 177) 
remarks : 

The clavicle is a long and heavy bone, moderately curved, 
of round-oval, cross section somewhat widened at the sternal 
end, widening into an oblique-ending expansion at the 
acromal end. The bone is quite as heavy as in the beaver 
or in man, and has none of the sigmoid curvature of the 
primate scapula. It does not differ materially from the 
clavicle of Periptychus or Ectoconus. 

In Barylambda, Leptolambda, and Caenolambda, but 
not in Titanoides, the clavicle is expanded into a round 
knob-shaped process at the acromial end, which is 
seldom well preserved. Its articular relationship with 
the tip of the acromion process of the scapula is un- 
certain, but the tip of the acromion tapers to a much 
smaller apex than does the lateral end of the clavicle. 
Presumably these two bones had a cartilagenous at- 


tachment. 
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SCAPULA 


Matthew’s description of the scapula of Pantolambda 
bathmodon (1937: 177) emphasizes its primitive char- 
acter. The specimen which he described, AMNH 
16663, demonstrates that the restoration of the scapula 
of Pantolambda published by Osborn (1898h) and 
based on that of Coryphodon was in error. 

The scapula of Caenolambda jepseni, PU 14863, is 
extremely well preserved, except for the tip of the acro- 
mion and part of the suprascapular border (see fig, 
6). It agrees in general proportion with the scapula 
of Pantolambda bathmodon, AMNH_ 16663, in those 
parts which can be compared, except that the region 
of the metacromion in Caenolambda is somewhat more 
produced posteriorly ; and there is a distinct tuberosity 
directly anteriorly and placed slightly above the mid- 
dle of the spine. Both of these specimens agree in 
that the suprascapular notch is not as deeply indented 
as it is in the Barylambdidae. This is probably also 
true of the scapula of Titanoides primaevus, CNHM 
P-15520. The scapula of the type of Caenolambda 
jepseni has a distinctive thickening at both the cora- 
covertebral and the glenovertebral angles which is much 
more pronounced than in the scapulae of Barylambda 
faberi, CNHM P-14902, and in Leptolambda schmidti, 
PU 14990. Furthermore, the glenovertebral angle of 
the scapula of Caenolambda is not as produced pos- 
teriorly as in Barylambda faberi, nor are the supra- 
spinous fossae and infraspinous fossae as broad as in 
Leptolambda and Barylambda. The coracoid process 
of the scapula of Caenolambda has been somewhat 
damaged; but it does not appear to have been as 
massive or as long as in Leptolambda, PU 14990, or in 
Barylambda, and in this respect agrees with the poorly 
preserved scapula belonging to the skeleton of Panto- 
lambda bathmodon, AMNH 16663. The scapula of 
Titanoides primaevus is known only partially; but the 
preserved portions of this bone belonging to the Plateau 
Valley skeleton, CNHM P-15520, shows that the cora- 
coid process in Titanoides differs from the other Pale- 
ocene Pantodonta in its comparatively huge size and 
thickness. 

The scapula of Leptolambda schmidti is best known 
from a complete specimen in the Princeton collections, 
No. 14990 (see fig. 6) which is much more like the 
somewhat larger scapula of Barylambda faberi figured 
in Patterson (1934: 82) than that of Caenolambda jep- 
seni. This scapula of Leptolambda, PU 14990, is about 
twenty per cent shorter in overall length, parallel to 
the spine, than is the scapula of Barylambda, CNHM 
P-14902, and compared to its total length along the 
spine is only two-thirds as broad as in the latter speci- 
men. In keeping with its generally smaller size, the 
acromion and coracoid process of the scapula of Lepto- 
lambda are slightly less massive than in scapulae of 
Barylambda faberi, and the scapular spine appears to 
differ from that of the latter species in its greater nar- 
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rownes + at the center. Furthermore, the scapular spine 
of Le olambda in the most dorsal third of its length 
slightl, overhangs the infraspinous fossa. The scapula 
of Lep olambda, PU 14990, at Princeton appears not 
to differ in any of the above respects from the two 
less well-preserved scapulae of Leptolambda schmidti 
at the Chicago Natural History Museum. These be- 
long to two partial skeletons of this species, CNHM 
p-26077 and P-26098, recovered from the Plateau Val- 
ley beds. The scapula of CNHM P-26098, however, is 


over fiiteen per cent smaller than those of PU 14990 
and CNHM _ P-26077. 

In discussing the scapula of the pantolambdoids, the 
distinctions in the scapula of all these forms 
from the conformation of this bone in Coryphodon 
should be Patterson (1939b: 105) has sug- 
gested, following Gregory, that the distinctiveness of the 


marked 
stressed. 


scapula of Coryphodon is in large part due to the need 
for a large base for attachment of the dorso-scapular 
ligament over the pointed apex of this bone (situated in 
Coryphodon in the center of the suprascapular border ) 
in order to support the comparatively large head and 
neck. This supposition seems to be confirmed by dis- 
covery of the scapulae of the relatively small-headed 
pantodonts mentioned above—these lack the pointed 
apex and proportionately much narrower supraspinous 
and infraspinous fossae characteristic of Coryphodon. 

The triangular apex of the scapula in Coryphodon 
is almost certainly an ossification of the suprascapular 
cartilage, as is evidenced by the fact that in well- 
preserved scapulae of this genus the pointed apex is 
separated from the body of the scapula by an incom- 
pletely fused suture. Such a suprascapular cartilage 
may also have been present in the Pantolambdoidea, 
but it is not known to have been ossified. Most scapu- 
lae of Coryphodon also differ from those of Torre- 
jonian and Tiffanian pantodont species in that the sub- 
scapular fossa is markedly concave; so that when the 
scapula is viewed from the anterior side, the base of 
the spine is seen to be curved inward at the tips. 


HUMERUS 


Several virtually complete humeri of Barylambda 
faberi are preserved in the collections of the Chicago 
Natural History Museum, the best specimens available 
for study being those belonging to numbers P-14902 
and P-26110-1. Reasonably well-preserved humeri of 
Leptolambda were recovered with PU numbers 14996, 
14990, and 14680, as well as with CNHM_ P-26077. 
A virtually complete humerus of Titanoides primaevus 
with CNHM P-15520 is known, as _ well 
as partial humeri associated with other specimens of 
The Caenolambda is not 


associated 


this species. humerus of 


known, and of the Torrejonian pantodonts the only 
well-preserved humeri belong to Pantolambda_ bath- 
modon, although a distal portion of the humerus of 
Pantolambda cavirictus is associated with AMNH 964, 
and there is a distal third of the humerus, PU 16488, 
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presumably of this species from the vicinity of the 
Gidley Quarry. The proximal portion of the humerus 
associated with AMNH 2556 is not particularly like 
these but the differences in it may be due to distortion 
and erosion of the surface. 

All these humeri are remarkably similar considering 
the rather radical adaptive distinctions present in the 
pantodont forefoot, differing principally in the robust- 
ness of the shaft and the height of the deltoid and 
supinator crests. The head of the humerus in all these 
forms is massive and is directed backwards. In all 
Paleocene pantodonts the deltoid and supinator ridges 
are high and an entepicondylar foramen is present, 
while the internal tuberosity is closely placed to the 
head and smoothly rounded. Further, the greater 
tuberosity is separated by a bicipital groove of moderate 
depth. The deltoid ridge in pantolambdoids appears 
to end at the base of the greater tuberosity, but in 
Barylambda and Leptolambda it is remarkably thick- 
ened from front to back at about the middle of the shaft. 
In these two forms also the width the distal 
condyles is much greater in proportion to the length 
of the whole bone than it is in Pantolambda, and this 
In one specimen of 


across 


is particularly so in Titanoides. 
Titanoides, CNHM P-15547, the entepicondylar fora- 
men is relatively much reduced. This may or may not 
be a significant approach to Coryphodon in which, pre- 
sumably because of the acquisition of subgraviportal 
structure, the entepicondylar foramen is almost never 
present. 

Concerning the humerus in Coryphodon, Patterson 
(1939b: 106) remarks: 


The greater tuberosity is very prominent but does not 
extend dorsally above the level of the head; the lesser 
tuberosity is lateral in position. The bicipital groove is 
wide and shallow. The proximal end is by no means as 
thick anteroposteriorly as that of Barylambda, the greatest 
diameter being antero-internal-postero-external. The prom- 
inent, laterally inclined deltoid crest extends down from 
the great trochanter to the distal fourth of the bone. It 
resembles that of Pantolambda, being much more slender 
than in Barylambda. There is no latissimus tubercle. The 
supinator crest is similar to that of Pantolambda, and, as 
in that genus, a rounded concavity is present on the anterior 
face above the trochlea. The entocondyle is the most in- 
teresting part of the bone. It is larger and more prominent 
than that of any specimen of Coryphodon hitherto figured, 
and bears a small entepicondylar foramen—a_ structure 
never before recorded for the genus. This foramen occurs 
in the Paleocene genera, and it is interesting, and taxo- 
nonically significant, to find that it continued over into the 
lower Eocene. 


RADIUS 


Complete radii are associated with several specimens 
of Barylambda, Titanoides primaevus, the type of Hap- 
lolambda quinni in the collections of the Chicago Nat- 
ural History Museum, and with Leptolambda schinidti, 
PU 14996, 14680, and 14879, from the Bighorn Basin, 
Wyoming. A complete radius is associated with the 
skeleton of Pantolambda bathmodon, AMNH_ 16663, 
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and ar) almost entire radius, probably of Pantolambda the radial extensors and on the anteroexternal face an 
caviric’ s, from the Crazy Mountain field, PU 13759, equally distinct groove for the digital extensors. These 
has bec. figured by Douglass (1902: pl. XXIV); but two depressions are separated in Leptolambda schmidti, 
this boie is not known in Caenolambda or Ignatio- PU 14996, by a prominent tubercle. As might be ex- 
lambda. A referred specimen of P. cavirictus, AMNH pected in the presumably much more rigid forefoot 
16042, :ncludes a complete radius which is similar in of Coryphodon, these grooves for the extensor muscles 
size an<! conformation to that of the type of Haplo- and the central tubercle are not at all distinct; see for 
lambda quinni, example the radius of Coryphodon belonging to AM- 
These radii, as well as that of Coryphodon, agree in NH 2829. 
lacking a pronounced constriction at the base of the 


head; nor do they exhibit a very prominent tuberosity 
for the biceps muscle on the posterior proximal surface 
of the shaft. They further agree in showing a gradual 
increase in the diameter of the shaft distally. The 
articular surfaces for the humerus and ulna are re- 
markalbly similar in all these forms, and both these sur- 
faces extend completely across the head of the radius. 

In antolambda bathmodon, AMNH_ 16663, the 
shaft of the radius (in proportion to the width of the 
whole bone) is slender, and seen from the medial side 
describes a slight sigmoid curve not present in any of 
the succeeding forms, or in the referred radius of Panto- 
lambda cavirictus, PU 13759. This curve of the radius 
of P. bathmodon is emphasized by an extremely high 
and elongate crest on the anterodistal face of the bone. 
This distinct crest is also present in some specimens of 
Leptolambda, particularly in PU 14996. It is not 
nearly as distinct in the radius of Leptolambda, PU 
14680. Comparisons with Barylambda and Haplo- 
lanbda indicate that in these forms this crest is much 
less distinct, and it is apparently never present in 
Titanoides or in Coryphodon. The latter two types 
also agree in having a much shorter radius than in 
Leptolambda or Barylambda. 

In all of the Tiffanian pantodonts, the distal extrem- 
ity of the radius is broad; and the styloid process is 
heavy and considerably extended anteromedially. The 
articular surface for the lunar in Leptolambda is an 
oval concavity. In Titanoides primaevus and some 
specimens of Coryphodon this depression is much more 
Radii of Leptolambda and Barylambda have 
on their anteromedial surfaces a wide depression for 


circular. 


Fic. 6. Elements of the pantodont forelimb. XX 1/3. 


A. Caenolambda jepseni sp. nov. PU 14863, right scapula. 

B. Leptolambda schmidti Patterson and Simons. PU 14990, 
right scapula. 

C. Titanoides primaevus Gidley. CNHM P-15520, left manus 
with unguals restored from those associated with CNHM 
P-15547 and CNHM PM-240. 

D. Leptolambda schmidti Patterson and Simons. PU 14996, left 
manus; scaphoid based on fragment from right manus, and 
on scaphoid of PU 14879; pisiform restored from an isolated 
specimen PU 16485. 

E. Titanoides primaevus Gidley. 


CNHM PM-240, proximal 


and lateral aspects of claw of first digit. 

F. Pantodont indet., PU 16483, proximal phalange resembling 
that of Titanoides, but much larger. 

G. Leptolambda schmidti Patterson and Simons. 
proximal and lateral aspects of ungual. 


PU 14996, 





ULNA 


Among the ulnae of Pantolambda bathmodon pre- 
served in the collections from the Torrejon beds at the 
American Museum of Natural History, the best pre- 
served is that of AMNH 16663. An ulna figured by 
Douglass in 1902, PU 13759, from Bear Butte, Mon- 
tana, is of the size and conformation expected for 
Pantolambda cavirictus. The ulnae of several speci- 
mens each of Titanoides primaevus, Barylambda faberi, 
Haplolambda quinni, and Leptolambda schmidti are 
included in the collections of the Chicago Natural His- 
tory Museum from the DeBeque formation of Mesa 
County, Colorado; and three ulnae of Leptolambda 
from Silver Coulee beds of the Polecat Bench forma- 
tion, belonging to PU Numbers 14680, 14996, and 
14879, are included in the Paleocene collections of 
Princeton University. 

The shaft of the ulna in Pantolambda bathmodon and 
in Pantolambda cavirictus, PU 13759, is broad and 
flat, particularly below the sigmoid cavity. Both the 
transverse compression and breadth of the shaft are 
comparatively greater in these Torrejonian pantodonts 
than in the Tiffanian forms. The olecranon process in 
Pantolambda bathmodon is also broader relative to the 
length of the shaft, than in the later forms. The sig- 
moid notch in Pantolambda, however, is apparently not 
as broad in proportion to the length of the shaft as in 
Leptolambda and the other Tiffanian species. 

In all the Paleocene Pantodonta this bone exhibits 
a prominent interosseous crest running along the inner 
face of the shaft. In Leptolambda and Barylambda 
and to a lesser extent in Titanoides primaevus, the 
greater sigmoid notch is broadly expanded _latero- 
medially and the coronoid process is large and produced 
anteromedially. An anterolateral process also projects 
from the base of the sigmoid notch, and the anconeal 
process is high and describes a pronounced S-shaped 
curve. At its dorsal margin in Leptolambda this proc- 
ess gives rise to a ridge running dorsointernally across 
the anterior face of the narrow olecranon process. In 
this genus also the smaller sigmoid cavity presents a 
continuous surface for the articulation of the head of 
the radius, but the distal facet for the articulation of the 
radius is not well preserved in any of the Paleocene 
specimens I have seen. The Tiffanian pantodonts all 
agree in that the styloid process is set off by a con- 
striction situated principally on the internal face of 
the distal extremity. This extremity is rotated inward, 
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and bears a continuous, rounded surface for articula- 
tion with the cuneiform. 

The ulnae of Leptolambda in the Princeton collec- 
tions differ from those of Barylambda faberi in having a 
shaft which is less broad anteroposteriorly, compared to 
the breadth of the olecranon process, and which is 
slightly retroflexed. Barylambda, on the other hand, 
has a straight ulnar shaft; and the greater sigmoid 
cavity appears to be placed somewhat higher, so that 
the olecranon process is comparatively shorter than in 
Leptolambda. The ulna in Titanoides primaevus dif- 
fers from this bone in the Barylambdidae principally 
in its greater stockiness and in possessing heavier ridges 
on the lateral surface below the greater sigmoid cavity. 


MANUS 


The pantodont manus is not as well known as is the 
pes for there is no representation of the forefoot of 
Caenolambda, and in Pantolambda cavirictus only one 
element of the manus has been recovered, a cuneiform 
associated with AMNH 16042, provisionally referred 
to this species. Cope, Osborn and Matthew, have 
previously figured and described the manus of Panto- 
lambda bathmodon, which is well represented in AM- 
NH Numbers 2546, and 16663. However, the centrale 
of this species has apparently never been recovered. 
Its existence, nevertheless, is clearly indicated by the 
conformation of the surrounding bones. 

The situation with regard to knowledge of the bary- 
lambdid manus is much more satisfactory, for essen- 
tially complete forefeet are known in most species be- 
longing to this family. Furthermore, most of the left 
forefoot of Titanoides primaevus was recovered with 
the Chicago Museum skeleton of the species and this 
specimen is further supplemented by elements of the 
manus associated with three specimens at the Chicago 
Museum, P-15547, P-15541, and PM-240. Moreover, 
the Plateau Valley dentitions of Titanoides seu-xis, 
CNHM P-15551, have associated with them several 
phalanges. No elements of the forefoot of Coryphodon 
sp. of Paleocene age are known, but, of course, the 
manus of this genus is represented in the Eocene forms. 

Primitive features of the pantodont manus are the 
large separate centrale present in the pantolambdids 
and barylambdids, and the unreduced lateral digits ; all 
five digits are of nearly equal size in the latter family. 
As Patterson has already suggested, the greatest spe- 
cialization of the carpus in this order occurs in Titan- 
oides and Coryphodon; and the evidence presented 
here for claws in Titanoides, coupled with the distinctly 
different elephantine unguals of Coryphodon, further 
demonstrate the high degree of specialization attained 
in the phalanges of the forefoot in the families to 
which these two genera belong. 


SCAPHOID 


The primitive condition of the scaphoid in the Panto- 
donta is best seen in Pantolambda bathmodon as figured 
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by Osborn (1898): fig. 12). In this species the 
scaphoid is relatively compressed dorsoventrally com- 
pared to that of the barylambdids, and the surface for 
articulation with the radius is broader and flatter than 
in the latter family. Moreover, the scaphoid in the 
Pantolambdidae and Barylambdidae agrees in show- 
ing no fusion with the centrale. As Patterson ( 1939q)\ 
has pointed out, the scaphoid of Titanoides is some- 
what intermediate between the foregoing forms and 
Coryphodon, in that it is fused with the centrale. How- 
ever, the fused centrale is much more distinct in 
Titanoides. 

The scaphoid of Titanoides is relatively thick, while 
the process on its posteromedial face is comparatively 
small and deeper than it is broad. This process in the 
barylambdids, on the other hand, is shallow dorso- 
ventrally and forms a broad semicircular wing extend- 
ing from the anteromedial corner of the bone pos- 
teriorly. In Coryphodon the fusion and reduction of 
the centrale is virtually complete. It is represented 
by a small process located at the distal margin of the 
external surface of this bone between the trapezoid and 
lunar. Further, in this form the tubercle on the medial 
side of the bone is better defined, being considerably 
more elongate than in either Titanoides or Barylambda, 
and it is rotated somewhat more posteriorly. 


LUNAR 


The external face of the lunar in the Pantolambdidae, 
Titanoideidae, and Barylambdidae is rather similar in 
appearance, being almost as high as it is broad from 
side to side; but in Coryphodon, as Patterson has 
previously noted, this bone is much flatter, and the 
dorsal surface for articulation with the radius is pro- 
portionately much larger, covering approximately 
three-fourths of the dorsal surface of the bone. The 
facet for articulation with the radius in all known 
pantodonts is noticeably convex. In none of the Pale- 
ocene pantodonts do there appear to be distinct facets 
for the articulation of the lunar with the cuneiform 
and scaphoid; but in Coryphodon, at least in some 
species, there is an articular face between the scaphoid 
and lunar. The plantar face of this bone in the Pale- 
ocene pantodonts bears two facets, a medial one for 
articulation with the magnum and a lateral face which 
looks outward and downward and which contacts the 


unciform. 30th of these surfaces are concave, and 


the facet for articulation with the magnum in_ the 
Paleocene pantodonts is much deeper posteriorly and 
more strongly concave where it articulates with the 
dorsointernal surface of the magnum. In the barylamb- 
dids, particularly Leptolambda schmidti, PU 14879, 
and 14996, the surface for articulation with the unci- 
form is considerably larger and more expanded in its 
plantar portion than in Titanoides, as can be seen in 


CNHM P-15520. 


co 
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CUNEIFORM 

The cuneiform of Pantolambda bathmodon is in- 
comple: ely known, but it appears to resemble that of 
the bar. lambdids in general proportions. The facet for 
articulaiion with the unciform is broadest beneath the 
medial portion of the bone and in all forms is slightly 
conca\ The posteroexternal portion of this facet is 
directe’ downward and tapers rapidly toward the lat- 
eral en In the Torrejonian and Tiffanian pantodonts 
the facet for contact with the pisiform is situated on 


the posterodorsal face of the bone. This face is slightly 
concave, but gently rounded on its posteromedial mar- 
gin. Qn this margin the pisiform facet contacts, along 
its anteroexternal edge, the rounded, concave ulnar 
facet. In Titanoides this bone is considerably broader 
from front to back along the medial side than in Lepto- 
lanbda and Barylambda. Coryphodon usually has a 
shallower medial extension of the cuneiform than in 
In most other respects the appear- 
ance of the cuneiform is remarkably similar in the vari- 


the earlier species. 


ous pantodont species. 
PISIFORM 


The head of the pisiform of Pantolambda bathinodon 
is missing in the specimens of this bone I have seen, 
but judging from the base and anterior portion of this 
hone, preserved with the left manus of AMNH 2546, 
there was a distinct constriction posterior to the facet 
for the ulna. [xcept for its greater slenderness, the 
bone is somewhat like that of Coryphodon in this re- 
spect. The pisiform of Titanoides is not known. There 
are two isolated pisiiorms in the Princeton collections 
Silver Coulee beds of the Sench 
formation, which appear, on the basis of comparisons 
with a fragment of the pisiform associated with Lepto- 
lambda schmidti PU 1496, to belong to this species; 
the better preserved of these is PU 16485. They differ 
from the pisiform of Coryphodon in having a_pro- 
nounced ridge running along the lateral side from 
the anterolateral tip of the forward extremity of this 
bone, posteriorly to the head. This ridge has the effect 
of eliminating the constriction or “neck” of the pisiform 
and shifting the greatest transverse breadth posterior 
to the region of the neck rather than its occurring 
in the region of the head. 


from the Polecat 


TRAPEZIUM 


The trapezium of the Paleocene pantodonts is con- 
siderably larger than the trapezoid. It has the external 
face extended most distally at its lateroventral margin, 
where bone distinct contact with the 
second metacarpal. On_ the surface of the 


this makes a 


dorsal 


trapezium there is a face for contact with the scaphoid ; 
and, at an angle to this facet on the dorsolateral side 
of the bone, a facet for contact with the trapezoid. The 
Titanoides trapezium has on its plantar face a conical 
tubercle directed posteriorly, which articulates with a 
pronounced concavity on the ventral face of the scaph- 
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oid. No such tubercle is present in Leptolambda, PU 
14996, and the contact with the scaphoid covers a very 
much smaller area. 

As Patterson has pointed out, the trapezium of the 
type specimen of Haplolambda quinni is fused with 
the first metacarpal. 
other pantodonts. 


This condition does not occur in 


TRAPEZOID 


The pantodont trapezoid is intermediate in size be- 
tween the trapezium and the centrale. Its long axis 
runs from the external face to the plantar face and it 
bears on its ventral surface a concavity for articulation 
with the second metacarpal. On the dorsal face of 
the trapezoid in the Paleocene pantodonts there is a 
rounded facet articulating at its lateral extremity in 
the barylambdids with the centrale, and in Titanoides 
with the fused centrale region only. In the barylamb- 
dids, however, there is a distinct face on the dorso- 
medial surface of this bone for articulation with the 
scaphoid. 


CENTRALE 


Among pantodonts this is a separate bone only in the 
pantolambdids and barylambdids. Patterson (1939a: 
371) has suggested that in Barylambda this bone may 
be secondarily enlarged. The centrale of Leptolambda 
schmidti, PU 14996, has its greatest length running 
from the external face to the plantar surface, and on its 
plantar side is produced into a bean-shaped tubercle. 
On its ventromedial face is a concave facet for articula- 
tion with the trapezoid, and on its ventrolateral face 
two rather distinct facets for articulation with the 
anterior and posterior extremities of the magnum. The 
dorsolateral surface of the centrale bears a small, slightly 
convex surface for articulation with the ventromedial 
extremity of the lunar. This conformation is much 
like that of this bone in Barylambda. 

The centrale of Pantolambda has not been recovered ; 
but its presence is indicated by a gap between the 
surrounding bones when articulated. In Coryphodon 
the centrale is almost entirely lost by combination with 
the scaphoid. 


MAGNUM 


The magnum of all Paleocene pantodonts, in so far 
as it is known, has approximately the same general 
conformation. On its ventral face this bone exhibits a 
broad convex facet on the lateral side for articulation 
with the third metacarpal. In the barylambdids and 
Coryphodon there is also a ventromedial facet for 
articulation with the second metacarpal, with its long 
axis running from the external to the plantar face of 
the bone; but in Titanoides this surface is relatively 
smaller and appears to be restricted to the posteromedial 
extremity of the magnum. In other words, this facet 
in Titanoides is situated on the medial side of the en- 
larged distopalmar portion of the bone. Above this 
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distopalmar enlargement in Barylambda, Leptolambda, 
and Titanoides, as well as in Pantolambda bathmodon, 
there is a knoblike heel with a convex proximal face for 
articulation with the base of the lunar. This articular 
heel is situated at the proximopalmar extremity of the 
bone. The external face of the magnum in Titanoides 
and Leptolambda somewhat resembles a triangle with 
its apices rounded off. In Titanoides this face is slightly 
smaller comparatively than in the other Paleocene 
members of the order and slightly more oval in outline. 


UNCIFORM 


The pantodont unciform is by far the largest bone of 
the carpus and, like the magnum, does not differ 
strikingly among pantolambdoids. It is deepest at 
about two-thirds of its transverse diameter from the 
lateral corner. On its dorsolateral face pantolambdoid 
unciforms bear a slightly concave facet for articulation 
with the cuneiform, which looks backward. This facet 
along its medial margin meets at a sharp angle a dorso- 
medial facet for articulation with the lunar. This lunar 
facet in Titanoides is almost flat, but in the bary- 
lambdids and Coryphodon it is somewhat convex. 
Seneath the lunar facet, on the ventromedial face of 
the bone, is a somewhat smaller area for articulation 
with the magnum, and ventral to this is a narrow band 
running from the external to the plantar face of the 
unciform for articulation with the third metacarpal. 
Lateral to this facet, on the ventral face of the bone, 
are two gently concave facets for the articulation of the 
fourth and fifth metacarpals respectively. On _ the 
plantar extremity of the pantodont unciform is a some- 
what enlarged and rugose tubercle, which is directed 
downwards and backwards. There are few obvious 
distinctions in this bone among pantodonts; but in 
Titanoides the lateral portion of the external face is 
comparatively shallow dorsoventrally, while in Co- 
ryphodon the depth of this portion of the face is almost 
as great as that of the medial region of the external 
face. In this respect, this bone in Pantolambda bathmo- 
don and the two larger barylambdids appears to be 
intermediate in structure between the unciforms of 
Titanoides and Coryphodon. 


METACARPALS 


These bones have been recovered with skeletons of 
only one pantolambdid species, P. bathmodon. Among 
the barylambdids, metacarpals are known in all species, 
and these bones were also recovered with the left fore- 
foot of the DeBeque specimen of Titanoides primaevus, 
CNHM P-15520. 

Perhaps in conjunction with the slenderness of the 
limb bones as a whole in P. bathmodon the metacarpals 
are relatively long, and seem most like those of Titan- 
oides among the Tiffanian pantodonts. In the latter 
species the anterodistal faces of the metacarpals bear 
distinct arcuate depressions at the margin of the artic- 
ular surface of the proximal phalanges not present in 
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other pantodonts. In the barylambdids the metacarpals 
are broader at their proximal and distal extremities 
than in Titanoides, and in Leptolambda the fifth meta- 
carpal is particularly broad proximally. The fore. 
shortening of pantodont metacarpals reaches its great- 
est degree in the various species of Coryphodon, and in 
this genus the proximal and distal, lateral expansion 
of Me. II through IV is most pronounced, this breadth 
gives a distinct constricted appearance to the more 
slender shafts of these bones. There is no fusion of 
the metacarpals with other elements of the manus in 
any pantodont except Haplolambda quinni, but in this 
species Me. I is fused with the trapezium. 


PILALANGES 


Pantolambdid phalanges of the forefoot are known 
only in Pantolambda bathmodon; but, presumably in 
all forms here referred to this family, the phalanges 
were relatively slender and more elongated than in 
other pantodonts, as they are known to be in the hind 
foot of most pantolambdid species. All the larger Pale- 
ocene members of this order have secondarily fore- 
shortened phalanges as a consequence of their attain- 
ment of subgraviportal stature. In Titanoides, how- 
ever, these bones are extremely broad and deep, and 
only slightly shorter than those of Pantolambda. The 
median phalanges have on their distal faces deep con- 
cave articular surfaces for the claws, which have been 
found in association with five individuals of this genus 
(see fig. 6). 

Among the barylambdids there are apparently some 
distinctions in the phalanges which are of taxonomic 
value. The proximal phalanges of Barylambda are 
approximately twice as elongate along the axis of the 
digit as are these bones in Leptolambda. In the former 
genus the proportions of the proximal and middle 
phalanges are approximately the same as in Corypho- 
don, but in Leptolambda the proximal phalanges are 
much shorter than in the Eocene pantodonts. The 
type specimen of J/gnatiolambda agrees with Bary- 
lambda in this respect. 

The wide range of differences in the ungual phalanges 
of the pantodont carpus are particularly significant for 
understanding the ecologic adaptations of this order. 
Perhaps the most distinctive ungual phalanges seen in 
any of the Paleocene Pantodonta are the clawlike 
unguals of Titanoides primaevus. Their presence in 
this pantodont [Sparactolambda| was postulated by 
Patterson in 1939, as a result of the pronounced artic- 
ular surfaces for claws observed on the median pha- 
langes of the type specimen of Sparactolambda looki, 
here referred to Titanoides primaevus. Patterson fur- 
ther pointed out that in conjunction with the clawed 
Titanoides exhibits a number of other ana- 
root- 


manus, 
tomical features which suggest a digging or 
pulling way of life. 

The exact functioning of the fissured unguals of the 
manus of Pantolambda bathmodon is more difficult to 
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under tand; but presumably these phalanges supported 
small noofs, which probably were not fissured. Simi- 
larly issured unguals occur in several other kinds of 
Paleo. ene mammals, particularly among the Creodonta 
and Condylarthra in such forms as Ectoconus, Perip- 
tychus, and Dissacus. The phalanges of Pantolambda 
bathiiodon figured by Matthew (1937) show that these 


bones. at least in the most complete skeleton of the 
species, are distinct in the fore and the hind foot. The 
phalanges of the hind foot apparently lack all traces 
of central fissuring.*' This absence may be character- 
istic of the genus, for in P. cavirictus the one ungual 
associated with the pes of AMNH 3963, which is ap- 
parently the central one, has no really distinct central 
Since the central ungual would be expected 
this specimen strongly 


fissure. 
to show the greatest fissuring, 
suggests that, if any of the unguals were fissured in 
this species, they were not in the pes. 

The barylambdids preserve in the unguals of the 
manus a suggestion of the appearance of these bones 
in Pantolambda bathmodon, but they are relatively 
foreshortened, broader and deeper than in the Torre- 
jonian species. To what use these large, broad unguals 
were put is uncertain for they do not resemble the 
unguals of any of the living graviportal mammals. The 
central unguals of the modern tapir are sometimes 
fissured, but this character does not show in the hoof. 
In the foreshortening of the metacarpals and phalanges 
of barylambdids there is a suggestion of the beginning 
at least of a graviportal adaptation. Moreover, the 
forearm in Barylambda is massive with powerful del- 
toid and entepicondylar ridges on the humerus which 
suggest that the forefoot could be easily rotated and 
possibly used for digging, in which the barylambdid 
unguals if they supported fairly broad hoofs would 
have functioned in a manner quite distinct from the 
claws of Titanoides. 

PELVIS 


The pelvis in the Paleocene Pantodonta is remark- 
ably well known. Among the Torrejonian species, the 
pelvis of Pantolambda bathmodon associated with 
AMNH 16663 is complete except for the rami of the 
pubes and ischia in the region of their symphysis (see 
fig. 16). This specimen has already been fully dis- 
cussed by Matthew (1937: 177), where he notes its 
general similarity to the pelvis of Phenacodus primae- 
vus, and to that seen in the Periptychidae. The pro- 
visionally referred pelvis of Pantolambda cavirictus, 
AMNH Number 2455, which Wortmann (1897) mis- 
takenly assigned to a taeniodont, Psittacotherium multi- 
fragum, is also relatively complete, lacking only the 
posterior extremities of the ischia and part of the 
ventral margin of the acetabulum (see fig. 16). 

In the Barylambdidae several pelves belonging to 
Barylambda faberi have been recovered in association 
with the skeletons of this species from the Plateau Val- 


“1 See Matthew (1937: pl. 49) 
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ley beds of the DeBeque formation, and a partial pelvis 
belonging to Leptolambda schmidti is associated with 
an immature skeleton in the Princeton collections from 
the Silver Coulee beds of Big Horn County, \Vyoming. 
The pelvis of Titanoides primaevus is almost completely 
known from the DeBeque specimens of this species, 
CNHM 15520 and 15523. A complete pelvis of Co- 
rvphodon sp., PU 14685, apparently of Paleocene age, 
has also been recovered from the Polecat Bench forma- 
tion of Park County, Wyoming. 

These pelves demonstrate that by late Paleocene 
times a considerable amount of specialization of the 
pelvis in this order had already taken place. The two 
Torrejonian pelves figured here (16) of Pantolambda 
bathmodon and the referred specimen Pantolambda cavi- 
rictus are rather distinct; but they agree in possessing 
a ridge not seen in other pantodonts on the ventral sur- 
face of the ilium which runs anteroexternally from the 
anterior margin of the region of sacro-iliac articulation. 
The ilium of Pantolambda cavirictus has its anterior 
margin expanded laterally to a greater degree than in 
the smaller species. The ilia of this specimen AMNH 
2455 differ from those of Titanoides primaevus and 
Coryphodon in possessing a depression at approxi- 
mately the center of the crest of the ilium, nor do they 
resemble in this respect the barylambdids (see Patter- 
son 1935: 153). In one feature, however, the thick- 
ening of the anteroexternal angle of the ilium, there is 
a slight approximation to the enlarged plate-like process 
present in this position in Barylambda faberi and seen 
to a lesser extent in Leptolambda schmidti. As would 
be expected from the larger size of Pantolambda cavi- 
rictus, the transverse diameter of the ilia is consider- 
ably greater in proportion to their length than in 
Pantolambda_ bathmodon. <A_ primitive mammalian 
feature which this specimen shares with all known pan- 
todont pelves is the great elongation of the symphysis. 

The distinctions between the pelvis of Barylambda 
faberi and that of Titanoides primaevus have already 
been pointed out by Patterson (1939). They differ 
principally in that the anteroexternal angle of the ilium 
of Barylambda is directed somewhat more anteriorly 
and bears the aforementioned plate-like process. In 
Titanoides, on the other hand, there is no enlargement 
of the anteroexternal angle, and the crest of the ilium 
is more gently rounded. In this regard, Patterson 
believed the pelvis of Titanoides makes a significant 
approach to that of Coryphodon. Nevertheless, in the 
relatively smaller area of the gluteal surfaces, the ilia 
of Titanoides are perhaps more like those of Panto- 
lambda cavirictus than the corresponding region of the 
Coryphodon pelvis. In Coryphodon the ilia are broadly 
expanded anteriorly, and the anteroexternal angle is 
strongly directed backward. The Paleocene pelvis of 
this form (fig. 16) indicates that all the distinctive 
features of the Coryphodon pelvis had already been 
achieved in late Paleocene times. The ischia of the 
Paleocene Pantodonta do not differ markedly in shape ; 
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but in Barylambda, Leptolambda, and Coryphodon 
they are relatively large in agreement with the larger 
size of the pelvis in these graviportal or subgraviportal 
pantodonts. In all the pantolambdoids the spine of 
the ischium is constricted at the middle but is com- 
paratively deep, and the tuberosity of the ischium is 
relatively small. The ramus of the ischium is fused 
with the ramus of the pubis along an anteroposteriorly 
elongated symphysis. The pubes are slender com- 
pared with the ischia, but they are not often preserved. 
The iliopectinal eminence is low in pantolambdoids 
but appears to be more pronounced in Coryphodon, 
as in PU 14685. All the known members of this 
order possess in the pelvis a distinct cotyloid notch 
on the ventral border of the acetabulum, and an oval 
obdurator foramen having an anteroposterior diameter 
distinctly greater than the vertical. For detailed de- 
scription of the pelvis of Barylambda faberi see Patter- 
(1935: 153). 


son 
FEMUR 


Of the Torrejonian pantodonts the femur is known 
only in Pantolambda bathmodon, being represented by 
several specimens in the Cope collections from the 
Nacimiento formation at the American Museum of 
Natural History. No complete femora belonging to 
Pantolambda cavirictus are known, but there are frag- 
ments presumably belonging to this species in the Cope 
collection and at Princeton which that the 
femur of this species does not differ markedly in con- 
struction from that of the smaller species. Moreover, 
the femur of Caenolambda jepseni, which may be of 
Torrejonian age, is quite like that of Pantolambda 


suggests 


bathmodon, AMNH _ 16663, though almost twice as 
large. The femora of the two latter species agree 


closely in the size and position of the three trochanters 
except that the lesser trochanter of Caenolambda jep- 
seni is comparatively smaller. In this species also, 
the intercondyloid fossa appears to be somewhat Ceeper 
and the bony expansion of the tip of the third trochanter 
proportionately smaller than in Pantolambda_ bath- 
modon. These two forms agree in that the position of 
the pit for the insertion of the ligamentum teres is 
slightly above the posterointernal face of the head, and 
they both exhibit a relatively deep trochanteric fossa 
on the posterior face of the great trochanter. A fur- 
ther similarity between these two pantolambdids is 
that they share a development, intermediate between 
that of Barylambda and Leptolambda, of the crests 
running trom the base of the third trochanter along 
the lateral margin of the femur to the lateral epicondyle 
and the great trochanter, respectively. The head of the 
femur of Pantolambda bathmodon, AMNH_ 16663, if 
it is correctly attached, does not project farther prox- 
imally than the great trochanter—in this respect it is 
unlike that of Caenolambda jepseni. 

Considering the great separation in time (and most 


features of the skeleton ), the resemblance of the femora 


al he * 
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of Coryphodon, including those of the two individuals 
of Paleocene age in the Princeton collections, to this 
bone in Pantolambda bathmodon is striking. I’xcept 
for the greater slenderness of the Coryphodon femur 
and the slightly more distal position of the medial 
condyle, these two pantodonts agree well in the size 
and position of the trochanters. The Paleocene femora 
of Coryphodon belonging to PU Numbers 14682 and 
14685 are too poorly preserved for detailed compari- 
sons, but the third trochanters in both specimens are 
apparently more elongate than is typical of the Eocene 
species of this genus. 

The femur associated with the skeleton of Titanoides 
primaevus, CNHM_ P-15520, is much distorted, but 
it is clear that this bone in Titanoides differs from the 
femora of the other pantodonts in the much _ higher 
placement of the third trochanter. This femur agrees 
moreover, with that of Caenolambda jepseni in that the 
external condyles distal to the common trochlear sur- 
face are subequal in size, not as in Coryphodon and 
the barylambdids with a larger and slightly more dis- 
tally placed medial condyle. 

FKemora belonging to the family Barylambdidae are 
known only in Leptolambda schmidti and Barylambda 
faberi, and in these two forms are quite distinct from 
These differences are illustrated in Pat- 
one 


one another. 
terson and Simons (1958: fig. 3). In 
however—the absence of a pit for the insertion of the 


respect, 
ligamentum teres—they agree. This absence of a pit 
here is a distinction which occurs among Pantodonta 
only in this family. 

The femur of Barylambda faberi has all three tro- 
chanters well developed but is relatively flattened from 
front to back so that the width across the proximal 
and distal ends of the bone is comparatively great. The 
flattened condition of the femur in this species is fur- 
ther exaggerated by the height and lateral extension of 
the ridges which connect the base of the third trochanter 
with the lateral epicondyle and the great trochanter. 
The development of these lateral ridges in Barylambda 
faberi is comparatively greater than in pantolambdid 
femora. It is this last feature which constitutes the 
greatest difference between the femora of Barylaimbda 
and Leptolambda; for in the latter form these ridges 
are almost non-existent and the third trochanter is 
vestigial, as can be seen in PU 14879 and 14996 as 
well as CNHM P-15548 and P-26075. Apparently in 
Leptolambda the lesser trochanter is proportionately 
smaller than in Barylambda, but it is not well pre- 
served in the above-mentioned specimens. The reduc- 
tion of these trochanters and ridges in Leptolambda 
gives the entire femur a comparatively slender appear- 
ance, but, in the general thickness of the shaft and the 
relatively shallow trochanteric fossa, Leptolaimbda and 
Barylambda are similar. The shallowness of the tro- 


chanteric fossa may be a distinctive feature of this 
family. In both these genera the distal condyles agree 


in that the articular surface of the lateral condyle is 
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broad. r transversely and shorter anteroposteriorly than 


the articular surface of the medial condyle. This dis- 
proportion of the condyles is not as marked in other 
pantocont species, but the closest agreement with the 
barylanbdids in this respect is in Coryphodon. 


PATELLA 


The patella is known in Pantolambda_ bathmodon, 


Pantolambda_ cavirictus, Caenolambda jepseni, Titan- 
oides primaevus, the two larger barylambdids, and in 
the Paleocene specimens of Coryphodon in the Prince- 
ton collections. These patellae are of two basic types. 
In the Torrejonian species and the barylambdids, they 


are oval in general outline, with a convex anterior 
surface. The internal face consists of two connected 
planes for articulation with the trochlea and is slightly 
concave and broader at its proximal end. In Titanoides 
and Coryphodon, which exhibit the second type, the 
general form of the body of the patella is similar to 
that of the first type; but the proximal apex of the 
bone is situated somewhat more internally and the 
distal extremity tapers to an elongate and slender point. 
In Titanoides, CNHM P-15451, the patella is poorly 
preserved and its inner face damaged; but in the speci- 
men of Coryphodon sp., PU 14685, of Paleocene age, 
the medial of the two posterior faces is broader and 
shorter than the lateral posterior face. The patella of 
Caenolambda jepseni, PU 14863, is somewhat inter- 
mediate between the two aforementioned types of pan- 
todont patellae in that it possesses a slender distal 
extremity which is not, however, as broad as in Co- 
ryphodon or Titanotdes and 
outline. 
tinctive among pantodonts in possessing a pronounced 


which has a somewhat 


more oval Moreover, this specimen is dis- 
tubercle, situated at the proximal internal apex of the 
bone. The posterior faces of the patella of Caeno- 
lambda are also unusual in that they are not as antero- 
posteriorly elongated as in the later pantodonts, and 
there is a pronounced fossa beneath and between them 
on the internal face of the bone. 


TIBIA 


With the exception of /gnatiolambda, the tibia is 
known in all of the North American Paleocene genera 
of pantodonts, assuming that the provisionally referred 
tibia, PU 16481, does actually belong to Haplolambda. 

This bone in Pantolambda bathmodon is represented 
by several specimens at the American Museum of 
Natural History, and in this species it is distinct from 
those of all the later pantodonts in the degree of 
flattening of the shaft transversely, the height of the 
cnemial crest, and the retroflexion of the shaft. In the 
latter feature it makes a distinct approach to the tibia 
of Ectoconus and to this bone in some other Paleocene 
condylarths. The tibia of Caenolambda jepseni is more 


like that of Pantolambda bathmodon than it is like 
this bone in any of the later pantodonts. 


The Caeno- 
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lambda tibia resembles that of the smaller pantolamb- 
dids, particularly in the transverse flattening of the 
shaft and in the height of the cnemial crest, but differs 
from it in lacking retroflexion, and in having a rela- 
tively shorter shaft with respect to the transverse di- 
ameter of the bone. The medial malleolus of P. bath- 
modon is comparatively much less developed than in 
C. jepseni or, for that matter, than in any of the later 
pantodonts. 

In the barylambdids the shaft of this bone, like that 
of the pantolambdid tibia, is deeper from front to back 
than it is in transverse diameter; but the width of 
the shaft from side to side is comparatively greater 
than in the pantolambdids. In proportion to the width 
of the proximal and distal ends of the bone the shaft 
is still shorter than in Caenolambda, and in Barylambda 
faberi the bone is particularly broad from side to side 
across the proximal condyles and the distal end. The 
cnemial crest in the latter species is much more dis- 
tinct than it is in Leptolambda schmidti or the referred 
tibia of Haplolambda, but in contrast to the pantolamb- 
dids this crest is not made distinct by its height but 
rather by two shallow grooves running on either side 
of it, on the anterior face of the bone, which in this 
species is relatively flat. In this connection it should 
be pointed out that the isolated tibia and fibula CNHM 
P-14904, which Patterson initially referred to Bary- 
lambda faberi but which he later considered too small 
to belong to this species (see Patterson 1939a: 365), 
nevertheless agree in general proportion and the above- 
mentioned features of the tibia with Barylambda. This 
tibia does not resemble, except in its smaller size, 
any of the tibiae known to belong to Leptolambda, or 
the referred tibia of Haplolambda. lf the features 
of the Barylambda tibia which are here considered to 
be distinctive are actually restricted to this genus (and 
there is no reason to believe they are not), then this 
tibia and fibula, CNH M P-14904, may eventually prove 
to belong to a smaller species of Barylambda which is 
otherwise unknown. To refer this specimen to the 
species B. faberi would connote a variability in the 
size of this bone of almost forty per cent. Some 
modern mammalian species do occasionally include ex- 
tremes of variability even greater than this, but there 
is no other evidence that the size variability of the 
Paleocene pantodonts was this great. 

The tibia of Leptolambda schmidti associated with 
PU 14996, as well as those belonging to this species 
at the Chicago Museum, differs from that of Bary- 
lambda faberi in lacking a pronounced cnemial crest 
and in having a less broad distal extremity in propor- 
tion to the transverse diameter of the proximal con- 
dyles. In overall appearance the bone is consequently 
slightly more slender and smaller than in B. faberi. 
These differences between the tibiae of the two larger 
barylambdids are illustrated in Patterson and Simons 
(1958: fig. 3). The provisionally referred tibia of 
Haplolambda agrees with Leptolambda in all these 
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respects, but its distal extremity is damaged and some 
comparisons are not possible. 

The tibia of Titanoides primaevus recovered with 
CNHM P-15520, is not well preserved, nor does it 
have any particularly distinctive features. The de- 
velopment of the cnemial crest, however, appears to be 
somewhat more pronounced than in the other Tiffanian 
and later pantodonts. 

In the Paleocene skeleton PU 14865, 
Coryphodon sp. indet., the tibia resembles most closely 
that of Leptolambda schmidti, except that the distal 
extremity is still narrower in transverse diameter than 
in that species, and the development of the cnemial 
crest is minimal, although Patterson (1939b: 108) in- 
dicates that there is some variability in the develop- 
ment of this crest, among different species of the genus 
Coryphodon. 

The tibiae of all the Paleocene pantodonts agree in 
having a relatively low spine situated near the center 
of the posterior margin of the proximal articular sur- 
faces of this bone; in having a low rounded tubercle 
for the attachment of the patellar ligament at the proxi- 
mal base of the crest; and in having a rather massive, 
high medial malleolus elongated from front to back at 
the distal apex of the tibia. 


referred to 


FIBULA 


The fibula is seldom recovered with Paleocene pan- 
todont skeletons, and the articular regions are almost 
never preserved intact. However, specimens of this 
bone belonging to Barylambda faberi and to Lepto- 
lambda schmidti are included in the collections of the 
Chicago Museum. Patterson (1934: 90) gives a full 
discussion of an isolated fibula CNHM P-14904, which 
probably belongs to Barylambda (see discussion under 
tibia). A distal portion of the fibula of Leptolambda 
schmidti was recovered with the partial skeleton of 
this species, PU 14879; and there have also been found 
much-damaged fibulae belonging to Pantolambda bath- 
modon, AMNH 16663, Titanoides primaevus CMNH 
P-15520 (?), and to the Paleocene specimen referred 
to Coryphodon PU 14682. A fragmentary fibula is 
also associated with the type of Caenolambda jepseni 
PU 14863. 

Neither of the two pantolambdid fibulae mentioned 
above preserves the proximal or distal articular facets, 
but the shaft of the fibula of Pantolambda bathmodon 
is much longer in proportion to width than in Caeno- 
lambda jepseni. In the latter species the expansion at 
the distal and proximal ends is considerably greater 
than in the fibula of Pantolambda bathmodon. The 
fibula of Caenolambda is almost diamond shaped in 
cross section and bears sharp ridges running along the 
external and internal faces of the bone. In Panto- 
lambda bathmodon, these ridges are present but are 
not nearly as distinct, so that in this species the cross 
section is more rounded. The head of the fibula is 
not preserved in P. bathmodon, but what remains of 
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the extremities of this bone in Caenolambda suggests 
that as in Barylambda the head and distal end 
of about the same size. 

Patterson (1934: 90) has described the barylambdid 
fibula from a specimen CNHM, Number P-14904 (see 
above under tibia), presumably belonging to Bary- 
lambda, and the later finds of Barylambda skeletons 
included fibulae of this same general sort. In all these 
specimens there is an articular surface for both the 
tibia and astragalus, but apparently not for the cal- 
caneum. The fibulae of Leptolambda, belonging to 
PU 14879 and CNHM P-26077, are very similar in 
size and in comparable proportions to the fibula re- 
covered with the skeleton of Barylambda faberi CNHM 
P-14944. The Paleocene specimen of Coryphodon 
from the Polecat Bench formation PU 14682 includes 
a much shattered fibula, which does not differ from 
those of the barylambdids except in the slightly smaller. 
size of the external malleolus and of the proximal ar- 
ticular surface. 


were 


PES 


The hind foot of the Paleocene Pantodonta is re- 
markably well known, and for several species more 
than one tarsus has been recovered. Matthew (1937: 
pl. 49) illustrates a complete left pes of Pantolambda 
bathmodon, belonging to the nearly complete skeleton 
of this species, AMNH 16663. He discusses in some 
detail the primitive nature of this pes and its close 
resemblance to the hind feet of Periptychus and Ecto- 
conus. It was principally due to the striking similari- 
ties in the pes of Periptychus and Pantolambda bath- 
modon that Matthew considered both these forms to 
belong to the same order, the Taligrada. Gazin (1953: 
97) has stressed the similarity of the pes in the tillo- 
donts with Matthew’s “‘taligrade” foot, and it is hard 
to escape the conclusion that this type of foot which 
occurs in so many Paleocene subungulates is indica- 
tive of a rather close affinity among these orders. 
Gazin’s further observation that the pes of 7rogosus 
is definitely unguiculate does not appear to be as 
significant a distinction from the Pantodonta since the 
discovery of the clawed manus of Titanoides. 
Among the pantolambdids the pes of Pantolambda 
bathmodon is completely known, and for Pantolambda 
cavirictus a relatively complete pes, AMNH 3963, 
This 
specimen was more fully discussed and was figured 
by Osborn in 1898. For Caenolambda jepseni much 
of the pes is preserved with the type specimen, PU 
14863. In the Titanoideidae the tarsus is known in 
Titanoides primaevus CNHM_ P-15520, and for the 
barylambdids complete hind feet are known in_ both 
Barylambda faberi and Leptolambda schmidti. No 
complete pes of Coryphodon of Paleocene age is known 
but the elements of the pes associated with the two 
specimens from the Polecat Bench formation, PU 14682 


exists, which was originally described by Cope. 
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and 4085, cannot be distinguished from comparable 
part- of the pes in the Eocene species of this genus. 
ASTRAGALUS 

Tl. astragalus in all Paleocene pantodonts approxi- 
mate. the coryphodontid type, with no distinct neck 
and «ith the distal portion considerably deeper than 
the proximal. In all these forms there is a lateral 
facet for the articulation of the fibula and a broad tibial 


facet which faces vertically. Beneath, the sustentacular 
and ectal facets are separated by a pronounced groove 
which ends short of the proximal margin of the plantar 
face. 

The most primitive condition of this bone is pre- 
sumably that seen in the pantolambdids which still re- 
tain a slight suggestion of a distinct astragular head 
and neck. In Pantolambda bathmodon the tibial facet 
is limited distally by a depressed area containing a large 
median foramen separating it from the navicular and 
cuboid facets. A similar depression is present in the 
astragalus of Pantolambda cavirictus AMNH_ 3963, 
as well as in this bone in Caenolambda. Moreover, in 
the latter form, the depressed area between the tibial, 
navicular, and cuboid facets is relatively shallower. 
The facets for the articulation of the cuboid and 
navicular in the astragalus of all three pantolambdid 
species agree in having a relatively shorter vertical 
depth than occurs in the astragalus of the Tiffanian 
pantodonts, both barylambdid and titanoideid. As in 
the astragalus of Coryphodon and Titanoides, there is 
a distinct astragalar foramen in pantolambdid astragali. 
In Caenolambda, at least, this is defined posteriorly by 
a relatively narrow bar of bone and the foramen makes 
a broad opening into the groove between the plantar 
Caenolambda is not particularly distinct from 
Coryphodon in this respect, although according to Pat- 
terson (1934: 92) the development of the astragalar 
foramen is somewhat variable in the latter form. The 
facet for the fibula in astragali of Pantolambda bath- 
modon and Caenolambda jepseni is relatively deep dor- 
soventrally. The pantolambdid plantar facets of the 
astragalus are much as in the later forms, except that 
the sustentacular facet does not extend as far backward 
as in the barylambdids, but ends abruptly at the base 
of a rather pronounced tuberosity or hook, at the pos- 
terointernal base of the bone. This facet in the bary- 
lambdids, on the other hand, is elongated posteriorly 
and extends on to the anterointernal base of the bone. 
The condition of this facet in titanoideids and corypho- 
dontids is intermediate between that of the pantolamb- 
dids and barylambdids. In Titanoides and Coryphodon 


facets. 


the sustentacular facet resembles that of the barylamb- 
dids in extending on to the base of the hook at the 
posterointernal corner of the bone; but, like the condi- 
tion of this facet in the pantolambdids, it is much less 
elongated from front to back. 

The astragalus in the barylambdids is particularly 
distinctive (among pantodonts) in that, so far as is 
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known, an astragalar foramen is never present. A 
second definite advance over the pantolambdids, which 
is shared by Coryphodon and Titanoides as well, is the 
distal extension of the tibial facet. This facet in some 
individual barylambdids makes direct contact with the 
facets for the navicular and cuboid, so that the reduc- 
tion of the neck in these forms is virtually complete. 
In both Leptolambda and Barylambda astragali there 
is some variability in this character, and in some speci- 
mens there is a slight depression at the distal margin 
of the tibial facet, which is filled with numerous minute 
foramina. An astragalus PU 16480, from the same 
locality in the Silver Coulee beds of the Bighorn Basin, 
which has yielded a lower dentition of Haplolambda 
guinnt, PU 16445, may belong to this species and pos- 
sibly to the same individual as the lower dentition. 
The ventral face of this bone is heavily damaged but 
in the depth of the fossa anterior to the tibial facet it 
approximates an intermediate condition between the 
deep depression in this region in the pantolambdids 
and the much shallower groove occurring in the larger 
barylambdids. 

The absence of the astragalar foramen in the bary- 
lambdids is interesting since the presence or absence of 
this structure has been considered by some authors a 
feature of definite taxonomic significance. Presumably 
its disappearance in the barylambdids is a result of the 
trend toward an almost fully graviportal stature, particu- 
larly in the hind limb of this family. Although 
Coryphodon appears to be more digitigrade than 
Barylambda and is, therefore, more advanced toward a 
true graviportal condition, complete reduction of the 
astragalar foramen has not taken place in the former 
genus. However, assuming that the great weight of the 
barylambdid pelvic region necessitated the enlargement 
of the tibial facet and the strengthening of the posterior 
margin of the astragalus through the crowding out of 
the astragalar foramen, it is understandable that this 
would have occurred among the barylambdids more 
readily than in the coryphodontids, for in proportion to 
the body as a whole the hind quarters of Coryphodon 
are far smaller than they are in Barylambda and Lepto- 
lambda. The presence of an astragalar foramen in 
most of the members of this order reinforces the idea 
that the pantodonts belong to the same general division 
of the Mammalia as the Creodonta and Condylarthra. 

The astragalus of Titanoides is rather similar to that 
of Coryphodon particularly in having a comparatively 
small facet for articulation with the cuboid and in the 
shape and position of the plantar facets. It differs from 
that of Coryphodon, however, in the distinctly greater 
concavity of the ectal facets and in a more pronounced 
extension medially of the ventral base of the fibular 
facet. Both these pantodonts possess an astragalar 
foramen as well but in Titanoides it is placed somewhat 
more anteriorly. Furthermore, the astragalus of Titan- 
oides differs from that of Coryphodon and agrees with 
this bone in the pantolambdids and barylambdids in 
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having a larger angle between the planes of the navicular 
and tibial facets. 


CALCANEUM 


Complete calcanea in the Paleocene Pantodonta are 
known only in Pantolambda bathmodon and in the two 
larger barylambdids but fragmentary specimens of this 
bone are associated with Titanoides, CNHM P-15520, 
and a Paleocene specimen of Coryphodon, PU 14682. 

In the barylambdids the tuber calcis is broad and 
relatively short and deep and the posterior extremity is 
swollen and rugose much as in Coryphodon. In Panto- 
lambda bathmodon the heel is considerably more elongate 
as might be expected from the much smaller size of this 
species. It, too, is expanded at the posterior extremity. 
The heel in 7itanoides is not well preserved but it ap- 
pears to be somewhat slender than in the 
barylambdids and Coryphodon. In all these forms the 
two facets are separated by a shallow groove; the ectal 
facet is the higher and the sustentacular facet extends 
forward and somewhat externally where it contacts the 
cuboid facet at a sharp angle. The latter facet, however, 
is seldom well preserved. 

The barylambdid calcaneum has one striking and 
apparently distinctive feature in that in both Barylambda 
and Leptolambda there is a distinct accessory tubercle 
projecting internally and slightly posteriorly and arising 
from the base of the  sustentacular 


more 


posteroventral 
process. There are few other determinable distinctions 
in pantodont calcanea. The sustentacular facet of the 
Titanoides caleaneum appears to have a larger area than 
in the pantolambdids and coryphodontids but agrees 
with them in its being more planar and less convex than 
this facet is in the barylambdids. 


NAVICULAR 


A complete navicular is not known in Pantolambda 
but the fragments preserved suggest that the navicular 
of this form was quite similar to that of Caenolambda, 
PU 14683. Of the Tiffanian pantodonts, naviculars of 
the two larger barylambdids are known as well as a 
fragmentary navicular associated with the Plateau 
Valley skeleton of Titanoides, CNHM P-15520.) An 
isolated navicular from the Sench Quarry, PU 
16445, is of the general pantodont type but is quite large 
for a Torrejonian mammal, being approximately a third 
larger than the navicular of Caenolambda jepseni. This 
navicular is not particularly like that of any of the 
other pantodonts, and it is possible that it belongs to an 
A species which is much 


Rock 


otherwise unknown species. 
the largest known Torrejonian mammal. 

The navicular of Caenolambda jepseni is strongly 
arcuate as seen from above, and possesses a rounded and 
well-developed posteroexternal process. The facet for 
articulation with the head of the astragalus is concave. 
At its lateral margin this facet contacts at an acute angle 
the anteroexternally directed facet for articulation with 


the ectocuneiform. The three external facets for the 
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articulation of the cuneiform cover approximately the 
dorsal two-thirds of the convex outer face of this bone. 
and the remaining portion of the bone curves around 
the medial side of the astragalar head. This latter 
portion of the bone is rugose and bears a ventral ridge 
which is extended almost as far ventrally as is the 
posteroexternal process. 

In Barylambda and Leptolambda the navicular closely 
resembles that of Caenolambda except in size; but in the 
former the bone is perhaps a little shallower dorso- 
ventrally and the posteroexternal process a little less 
distinct. The navicular of the Plateau Valley specimen 
of Titanoides is poorly preserved but an isolated speci- 
men of a navicular thought to be of Titanoides from the 
Crocodile Tooth Quarry in the Silver Coulee beds, of 
the Bighorn Basin, PU 16485, which is much. better 
preserved, agrees well with the Plateau Valley speci- 
mens. These two bones differ from the pantolambdid 
and barylambdid naviculars discussed above in being 
much shorter from their medial to lateral margins in 
proportion to their dorsoventral depth. The surface for 
articulation with the astragalus is far less concave and 
the facets for the three cuneiforms cover over four-fifths 
of the external face of the bone. The posteromedial 
flange or wing is proportionately much smaller. 
tion of this flange in Titanoides is greater than it is 
in Coryphodon. Another distinction of the Titanoides 
navicular is that the posteroexternal process is shifted 
medially and is not separated from the body of the bone 
as in the pantolambdids and barylambdids, but bears on 
its posterior surface a ventral extension of the astragalar 
facet and on its external surface an extension of the 
plane of the facet for articulation with the ectocuneiform. 


Reduc- 


CUNEIFORMS 


The mesocuneiform is known in Pantolambda_ bath- 
modon and Caenolambda jepsent among the panto- 
lambdids, and among the barylambdids in Leptolambda 
schmidti and Barylambda faberi. This bone is also pre- 
served with the Plateau Valley skeleton of Titanoides 
primaevus. The mesocuneiform varies less in conforma- 
tion in the Pantodonta than do the other cuneiforms. 
In all pantolambdoids the ventral face of the bone is 
roughly oval, concave, and has its greatest length 
running anteroposteriorly. In the barylambdids, more- 
over, the mesocuneiform is relatively thick from front 
to back and has a greater area for articulation with the 
navicular than in Caenolambda and Titanoides. The 
navicular facet of this bone in the barylambdids is very 
flat but in Caenolambda and Titanoides it is gently 
concave. In all three forms this facet meets, along its 
external margin, the facet for articulation with the 
ectocuneiform, 

The external face of the mesocuneiform is approxt- 
mately as broad as high, but in Caenolambda it is some- 
what wider from side to side. At the plantar tip of this 
bone in these two forms there is a slight tuberosity. In 
Titanoides this tuberosity is somewhat expanded at its 
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tip. 1 Coryphodon the whole mesocuneiform is much 
flatt’ ed proximodistally and does not extend half as 
far 1. the plantar direction as does the ectocuneiform. 
Th. ectocuneiform of Leptolambda has a_ cubical 
exter. al lobe. Its plantar tip is directed somewhat 
exter oally and the navicular facet extends well down the 
lengt!) of the bone toward this tip. In Coryphodon, 
however, the navicular facet stops about the middle of 
the hone which bears on its plantar extremity a large 
rugose tuberosity, separated by a distinct neck from the 
dorsal part of the bone. This conformation of the ecto- 
cuneiform in Coryphodon is not really paralleled by 
that of any of the Torrejonian and Tiffanian pantodonts, 
but in 7itanoides and Pantolambda cavirictus the plantar 


extremity of this bone is more expanded than it is 
among the barylambdids. As might be expected, in 
the more graviportal Coryphodon the ectocuneiform is 
proximodistally, so that the greatest 
dimension of the external face is from side to side, just 
the reverse of the condition in Pantolambda where the 
bone is higher than it is broad. In Titanoides, Lepto- 
lambda, and Barylambda, the bone is intermediate in 
this respect and the two dimensions of the external face 
are about the same. 


compressed 


CUBOID 


The dorsal face of the cuboid is rugose in all the 
Paleocene pantodonts and is the largest single surface 
At the posteroexternal corner of this face 
oval facet for articulation with the calcaneum, 
which in the barylambdids is slightly concave, but which 
in Caenolambda, Titanoides and Pantolambda is convex. 
In Leptolambda this calcaneal facet is separated from 
the astragalar facet along its posterointernal border by 
a low ridge, and the astragalar facet is the larger of the 
In Titanoides, on the 
other hand, the astragalar facet is considerably smaller 
than the caleaneal and is much less concave. The sizes 
of these two facets in Coryphodon and the pantolambdids 
appear to be more nearly equal to each other. In bary- 
lambdids the facet for the navicular consists of a narrow 
dorsoplantar band on the medial surface of the bone 
situated above a rectangular facet for the ectocuneiform, 
but in Caenolambda jepseni and Pantolambda cavirictus 
there is no facet for the navicular, and these bones 
appear to be separated by the posterointernal angle of 
the ectocuneiform. In Titanoides and Coryphodon there 
contact with the navicular along the 
external margin of the cuboid which, however, is less 
distinct than in barylambdids. 


of the bone. 
is an 


two and is also slightly concave. 


Is a narrow 


METATARSALS 


The metatarsals of Pantolambda bathmodon figured 
by Matthew (1937: pl. 49) are much slenderer than 
those of Pantolambda cavirictus, AMNH 3963, which 
are, in turn, slenderer than those preserved with the pes 
of the type of Caenolambda jepseni. The fifth metatarsal 
of all the Paleocene pantodonts bears a prominent 
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posteroexternal tubercle which in TJitanoides and the 
barylambdids (in conjunction with the marked fore- 
shortening of the fifth metatarsal) makes this bone 
approximately as broad as it is long. In all the panto- 
lambdoids the first metatarsal is the shortest, and in 
the barylambdids it is, 
foreshortened. 


comparatively, the most 


PHALANGES 


The phalanges of the hind foot of the Paleocene 
pantodonts are not well known, since they have been 
recovered only in Pantolambda bathmodon and Panto- 
lambda cavirictus and in the two larger species of 
barylambdids. In Pantolambda cavirictus the proximal 
and mesial phalanges are less foreshortened than are 
those of Coryphodon, and in Leptolambda schmidti 
these bones appear to be still more reduced. Otherwise, 
the proximal and mesial phalanges of the two larger 
harylambdids approximate closely the condition of these 
bones in Coryphodon. 

The ungual phalanges of the Paleocene pantodonts 
are particularly interesting for their adaptive significance. 
In contrast to the fissuring seen in the unguals of the 
fore foot in Pantolambda, this condition .in the pes 1s 
much less pronounced, and in neither the larger nor the 
smaller species of this genus is there a really distinct 
central fissure. However, an exceedingly well-preserved 
ungual associated with the type of Caenolambda jepsent 
is strongly fissured at the tip and does not' differ greatly 
from the fissured unguals of the pes in Barylambda 
fabert and Leptolambda schmidti, except that it is 
comparatively flattened. The unguals of Titanoides are 
not known in the pes but presumably they would have 
resembled the claws present in the manus of this form, 
although no doubt, as in the chalicotheres, they would 
not have been so large. In contrast to the fissured 
unguals of the barylambdid-pantolambdid type, these 
phalanges in Coryphodon lack any suggestion of 
fissuring, are flattened and expanded along their anterior 
border, and resemble those of more distinctly graviportal 
mammals, such as Elephas. 


V. GEOLOGIC AND GEOGRAPHIC 
OCCURRENCE 


The Pantodonta have an exclusively holarctic distri- 
bution, occurring, so far as is known, only in North 
America, Europe, and Asia. All the earliest species 
(initially appearing about the middle of the Paleocene ) 
are restricted to North America, but there is no definite 
evidence that the primary radiation of the order took 
place on this continent. However, available specimens 
suggest this. The presence of Coryphodon in Europe in 
the early Eocene, coupled with the absence of species 
transitional to Coryphodon in the North American 
middle Paleocene radiation, leaves both Eurasia and 
North America as possible centers for the origin of the 
coryphodontids. An invasion of Coryphodon from the 
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Old \\orld at or close to the end of Tiffanian time, 
bringing about the extinction of the Tiffanian panto- 
donts through competition, might explain the seemingly 


abrup! disappearance of the Pantolambdidae, Bary- 
lambdidae, and Titanoideidae, prior to Clarkforkian time 
in North America, but Coryphodon is nowhere associ- 
ated with earlier pantodonts. That any of these forms 
were direct ecological competition is also most un- 
likely. It seems improbable that the presence of similar 
species of Coryphodon in North America and Europe in 
the early Eocene is evidence for a North Atlantic land 
bridge then, as suggested by Flerow (1957: 80). 


In beds of late Paleocene or early Eocene age in 


Mongolia occurs Haplolambda planicanina, the only Old 
World pantolambdoid. As Flerow suggested, this may 
be a late survivor of an earlier radiation, which appears 


to have been North American. 

At the end of early Eocene times in Europe and 
North America the sole remaining pantodont, Corypho- 
don, died out. In Asia on the other hand, two Eocene 
genera of the order, Coryphodon of the middle (?), and 
Eudinoceras of the late Eocene are known; and a third 
huge pantodont, Hypercoryphodon thompsoni, has been 
recovered from the Oligocene Houldjin gravels of Inner 
Mongolia in association with the giant rhinoceros 
Baluchitherium. Hypercoryphodon is the last and, at 
least dentally, the most specialized member of the order. 

In North America only one pantodont, Caenolambda, 
from Alberta, has been recovered outside the boundaries 
of the United States. Furthermore, in this country 
Paleocene members of the order have been discovered 
in only five western states: North Dakota, Montana, 
Wyoming, Colorado, and New Mexico. Of the fifteen 
species of pantodonts occurring in the Paleocene epoch 
in North America, five are found in the upper Torrejon 
beds of New Mexico or their equivalents; nine in the 
Tiffany formation or equivalents; and one in the Clark 
Fork beds. Evidently, then, the order as we know it 
had its maximum radiation in Tiffanian time. 

The most primitive pantodont species, Pantolambda 
bathmodon, first recovered from the Torrejon beds of 
the San Juan Basin of New Mexico, was described by 
Cope (1882). In 1884 he published a description of a 
larger species P. cavirictus, also collected in the San 
Juan Basin. Because both species of this genus are 
apparently restricted to the upper levels of the Torrejon 
beds, this part of the Nacimiento formation was named 
the Pantolambda zone by Osborn (1909). Whether 
the faunal separation between the upper or Pantolambda 
zone and the lower or Deltatherium zone of the Torrejon 
beds is due to a considerable lapse of time between 


Hypothetical restorations of some Paleocene 
(Same scale as the human figure.) 
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pantodonts. 


Caenolambda. 


Pantolambda cavirictus. 
Pantolambda bathmodon. 
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C. Titanoides primaevus. F. 
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TABLE 1 


Distribution of 


2 Wasatchian 


+Tiffanian 


‘Torrejonian 


4 


Pantodont 
Species 
in North America 


Tornillo Flot (Texas. 


Silver Coulee 
Groy Buil 
Lysite 


Melville 
Plateau Valley 
Bison Bosin 


ad 
Lost Cabin 


Pantolambda bathmodon 
Pantolambda intermedius 
Pantolambda cavirictus 


Pantolambdidoe 


Caenolambda pattersoni 


Caenolambda jepseni 


Caenolambda sp. 


Titanoides primaevus 
Titanoides gidleyi 
Titanoideidae | Titanoides ZeUXIS 
Titanoides majus 
Titanoides simpsoni 
Barylambda faberi 
Barylambdidae Heplolambda quinn: 
Leptolambda schmidti 
Ignatiolambda barnesi 
Coryphodon proterus 


Coryphodontidae 
Coryphodon testis etc 





P= stratigraphic horizon uncertain 


the deposition of the two zones, as Osborn thought, or 
is the result of a much briefer hiatus or continuous 
deposition combined with a faunal change, is not clear, 
Wilson (1956: 83) remarks: 


The absence of Pantolambda is real enough at localities 
9 and 13 |in the Deltatherium| zone, but its absence is 
presumably either controlled by facies or by its being 
restricted in geographic distribution to more northern areas 
at the time the strata of the Deltatherium zone were being 
deposited. 


P. bathmodon and P. cavirictus occur together in the 
Torrejon beds of New Mexico but not in the Tor- 
rejonian equivalents of Wyoming or Montana, where 
the former seems to be absent and P. cavirictus is rare.** 
However, in the Gidley Quarry in the upper part of the 
Lebo beds (No. 2) of the Crazy Mountain Field, Mon- 
tana, the latter species occurs together with a_ third 
member of this genus, P. intermedius. The rarity of 


32 Douglass (1902: pl. 29, figs. 11, 12) illustrates a single 
upper premolar PU 13761 from the Crazy Mountain Field, pos- 
sibly locality 5 or 6, which may belong to P. bathmodon. The 
tooth is about a quarter smaller than the P? normally is in this 
species but is most like it of any of the teeth. The specimen 
appears to belong to a pantodont but not necessarily to P. 
bathmodon. 
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Pantolambda in the north is emphasized by the fact that 
at the Rock Bench Quarry in the Polecat Bench forma- 
tion, Park County, Wyoming, only one fragmentary 
tooth and three podials referable to this genus have 
been found, although this locality has yielded over eleven 
hundred fragmentary mammalian jaws and teeth. Only 
two out of twenty-five hundred isolated teeth recently 
collected by Princeton field parties in the Tongue River 
Paleocene (Torrejonian) of Carter County, Montana, 
are pantodont. 

Specimens referable to the genus Pantolambda have 
not been found outside the localities discussed above 
except for a single upper premolar identified as P. 
cavirictus by Gidley, and recovered from the Fort Union 
formation of Billings County, North Dakota. (See 
Lloyd and Hares, 1915). The only other pantodont 
species occurring in Torrejonian levels is Titanoides 
simpsoni, which is represented by a single specimen 
from the Gidley Quarry. There is, however, a reasona- 
ble probability that the type specimen of Caenolambda 
jepseni may also be of Torrejonian age. It was collected 
from the Polecat Bench formation in Big Horn County, 
Wyoming, approximately at the boundary between the 
Rock Bench beds and the Silver Coulee beds which in 
this area cannot easily be distinguished lithologically. 
The fauna associated with this specimen includes two 
forms which have not been found in the Polecat Bench 
formation above the Rock Bench level, namely 
Picrodus sp. and Ptilodus wyomingensis. The Ptilodus 
specimens, however, may be slightly more advanced 
than those of the Rock Bench Quarry, in that they are 
perceptibly larger and sometimes have more cusps on 
the P*. Nevertheless, these differences are so slight that 
they are probably not ouiside the range of the Rock 
Bench population of Ptilodus wyomingensis. The 
number of specimens of the P* of Ptilodus from the 
Rock Bench Quarry is, however, too small to indicate 
its range of variability. Picrodus, on the other hand, 
also occurs in the lower part of the Melville formation, 
and its value as an indicator of Torrejonian age is 
consequently lessened. 

The only other certainly identified specimen of this 
pantolambdid genus, the type of Caenolambda pattersoni, 
was recovered from a level in the Bison Basin which has 
an associated fauna that correlates with that of the 
lower Tiffany and Silver Coulee beds. It may be that 
C. jepseni is a slightly earlier species of this genus. 
Evidently Caenolambda occurs approximately at the 
boundary between these two stages, but correlation of 
the associated faunas is not accurate enough at present 
to make its exact range in time certain. Two isolated 
pantolambdid upper molars from the lower Melville 
formation USNM Numbers 9658, probably 
belong to Pantolambda cavirictus. They do not ap- 
proach in any significant way the upper molars of 
Caenolambda, although the two forms do not differ 
greatly in the upper dentition. The upper M? of Caeno- 
lambda sp. described as Pantolambda sp. by Russell 


6155, 
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(1948) from the Saunders series of Central Alberta may 
also be of this same general age. The latter three 
molars are the only other pantodont specimens occurring 
in beds that are in approximately the same stratigraphic 
position close to the Torrejonian-Tiffanian boundary as 
those from which the two most complete specimens of 
Caenolambda have been recovered. A possible exception 
to this observation may be the horizon of the type of 
Titanoides majus which was collected near Sage Point 
on the Polecat Bench at a very low level in the Silver 
Coulee beds. 

Much greater certainty as to the early Tiffanian age 
of the large and striking Paleocene pantodonts belonging 
to the Zarylambdidae and Titanoideidae has 
resulted from the discovery of many of these large 
mammals in the Polecat Bench formation of the Bighorn 
Basin of Wyoming, occurring definitely above the Rock 
Sench beds with good faunal associations, and clearly 
distributed throughout the lower several hundred feet 
of the Silver Coulee beds.** 

The pantodonts belonging 
Titanoides and Leptolambda, 
County, Wyoming, exposures of Silver Coulee beds, are 
associated with large faunas which appear to correlate 
well with those of the early Tiffanian of the Bison Basin 
of south-central Wyoming (see Gazin 1950). 

Inasmuch as the species Titanoides primaevus, Haplo- 
lambda quinni, and Leptolambda schmidti occur both 
in the Silver Coulee beds of the Polecat Bench formation 
of Wyoming and in the Plateau Valley beds of the 
DeBeque formation of Mesa County, Colorado, these 
forms corroborate Patterson’s view that the latter fauna 
is of Tiffanian age. 

The exact age of the beds from which the type speci- 
men of Titanoides primaevus was collected in the Sen- 
tinel Butte shale member of the type section of the Fort 
Union formation near Buford, North Dakota, was long 
uncertain. Brown (1948) had however shown that on 
the basis of plant and invertebrate remains the Sentinel 
The oc- 


families 


primarily to the genera 
found in the Big Horn 


Sutte shale is probably of late Paleocene age. 
currence of Titanoides primaevus in the adequately dated 
late Paleocene of the Silver Coulee beds of the Polecat 
3ench formation corroborates this view. The best evi- 
dence now available indicates that T. primaevus is an 
exclusively Tiffanian species. 

In addition to the North American pantodont localities 
mentioned above is that of the type of /gnatiolambda 
barnesi. The stratigraphic significance of this specimen 
for the region of Southern Colorado from which it, 


38 The principal quarries and localities that have yielded 
pantodont materials in the Bighorn Basin are situated to the 
southeast of the Polecat Bench, as has previously been men- 
tioned, although parts of three individuals of Leptolambda were 
collected on the south side of the Polecat Bench in Park 
County, Wyoming. Extremely fragmentary remains of several 
other pantodonts have been recovered from the Polecat Bench 
proper, and all of these (found in the Silver Coulee beds ) 
were at approximately the level of the Princeton Quarry or 
below. 
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as we | as the remainder of the Tiffany fauna, was 
collec::d makes advisable the inclusion of the follow- 
ing st\tement written in 1955, by Dr. G. G. Simpson 
of the American Museum of Natural History. I am 
indebted to Dr. Simpson for allowing this interesting 
inforniation to be published here. 

The liffany fauna of the northern part of the San Juan 
Basin (La Plata and Archuleta Counties, Colorado) first 
reveale:| the presence of late Paleocene beds and fossils in 
North America. Other and more extensive late Paleocene 
faunas have since been discovered elsewhere in the Rocky 
Mountain Region, but the Tiffany remains a standard and 


is the type of the Tiffanian age and stage (see Wood e¢ al., 
1941). Both its fauna and its stratigraphy have, however, 
remained rather poorly known. The known mammals have 
included a microfauna of peculiar facies from a single block 
of clay in the famous Mason Pocket and a few poorly 
preserved scattered surface specimens from elsewhere. (See 
Simpson, 1935a, b, c, and references there.) More recently, 
finds by the Chicago Natural History Museum in the 
Tiffanian Plateau Valley local fauna of the DeBeque 
Formation, farther north in Colorado (Mesa County), have 
suggested that the late Paleocene was especially character- 
ized by a flowering of the peculiar group of archaic 


ungulates now designated as the Pantodonta. (See 
Patterson, 1939a, and earlier papers there cited.) This 


impression has to some extent been corroborated by scat- 
tered finds in North Dakota, Montana, and Wyoming. It 
has, therefore, become somewhat anomalous that the type 
Tiffanian has included no known pantodonts. The anomaly 
is removed by the specimen described here (/gnatiolambda). 

The specimen was found by Harley Barnes, Jr., while 
working for the United States Geological Survey. The 
survey had no immediate facilities for the difficult task of 
collecting the specimen, and the find was made in a region 
where the American Museum had already been working. 
The prospect was therefore generously turned over to us. 
We are much indebted to Mr. Barnes and to A. D. Zapp 
not only for this lead, but also for considerable other assist- 
ance in the field, and to administrative officers of the 
Geological Survey for authorizing and facilitating such 
cooperation. The actual collection of the specimen was 
done in 1951 by George Whitaker, of our fossil vertebrate 
laboratory, and by David Kitts and John Ostrom, then 
student field assistants. 

A full discussion of the Tiffany formation with precise 
designation of all fossil localities will be presented later. 
It would be premature to go into much detail regarding 
this one specimen and pending further field work, but the 
occurrence is unusual and will be summarized here. The 
locality is Colorado 2 (1951) of the American Museum’s 
San Juan Basin program.t It is north of the western 
part of the Mesa Mountains, between them and the Florida 
valley, which here swings southwest around the mountains 
and into the Animas. Here there is a bench held up by a 
fairly persistent, nearly horizontal, hard arkosic sandstone 
and fine conglomerate, which locally is an unmistakable 
horizon marker. The beds above the arkose have fairly 
typical Tiffany lithology and unquestionably belong to the 
Tiffany formation.2. Below the arkose are banded greenish 
clays with some purple or reddish bands and some sand- 
stone lenses, apparently not andesitic, especially near the 
top (1.e., near the arkosic horizon marker). These seem 


to grade downward into the Animas formation without any 
clear dividing line, although the exposures are not con- 
tinuous enough to exclude the possibility of an unconformity 
or other sharply defined change. 


The beds just below the 
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arkose could be considered part of the Animas, a lateral 
facies of the Nacimiento, or a basal portion of the Tiffany. 

The arkose, itself contacting sharply below on a clay or 
siltstone, suggests that this would be a useful formation 
boundary. But this is true only locally. Elsewhere, notably 
along the east side of the Animas River and the west and 
south flanks of the Mesa Mountains, there are other arkoses 
just as suggestive of a good formation boundary but at 
various quite different levels. None seems really to be 
continuous for more than a few miles, and any or all of 
them may be considered intraformational. That the local 
“guide” arkose here in question is not likely to represent a 
valid time boundary or to represent any major change in 
sedimentation is attested not only by those multiple occur- 
rences of similar arkoses but also by this fossil. It was 
buried partly in the underlying clay and partly in the 
arkose, thus extending right across the apparent discon- 
formity, or formation boundary. It is a skeleton, well 
articulated except parts recently removed by erosion. 
Therefore the fresh skeleton either was lying partly in and 
partly on the silt when the arkose was deposited, or it 
came in with the arkose and sank into completely un- 
consolidated (apparently practically liquid) silt below. In 
either case the silt-arkose contact cannot represent any 
appreciable lapse of time or secular change in local con- 
ditions. If this contact were made a formation boundary, 
we would have a single fossil from two different formations. 

As a new genus, /gnatiolambda does not facilitate direct 
correlation. Similar genera are known only from the 
Torrejonian and Tiffanian, and the stratigraphic evidence 
also indicates one or the other of those ages, although it is 
equivocal as between the two. Jgnatiolambda seems to be 
definitely more advanced than any species currently referred 
to the Torrejonian genus Pantolambda and to be compara- 
ble in this respect with pantodonts of known Tiffanian 


age. I consider /gnatiolambda as probably Tiffanian in 
age and a member of the typical Tiffany fauna. Although 


age is not necessarily pertinent in fixing formational bounda- 
ries, this probability suggests the advisability of including 
the arkose and also the clays and sandstones immediately 
below it in the basal Tiffany. Their lithology is somewhat 
different from that of the bulk of the Tiffany, but it is even 
less like the Animas, Nacimiento, or San José where those 
formations are definitely recognized. The only other 
reasonable alternative would be to define a new formation 
in this part of the section, and that solution is not acceptable 
from the evidence now available. 


1]t is located on aerial photographs, available to those pro- 
fessionally concerned pending publication of a complete locality 
map, and it has also been noted by Mr. Barnes in his mapping 
for the U. S. Geological Survey, also unpublished when this 
was written. 

2 The status of the Tiffany as a rock unit, definable as a 
formation, has not been generally recognized. U.S.G.S. maps 
do not distinguish it from the “Wasatch,” certainly a misnomer 
for any formation in this region. I formerly tentatively in- 
cluded it in the San José formation, which is early Eocene, 
including no Paleocene, in its type area. The previous im- 
pression has been that both late Paleocene and early Eocene 
occur in the Tiffany region, that the two cannot be distinguished 
lithologically, and that therefore all should be mapped as one 
rock unit to which the name of the Eocene formation farther 
south (“Wasatch” or San José) should be extended. It now 
seems highly probable that there is no Eocene in the Tiffany 
region and that all these beds are quite distinct from the more 
southern Eocene formation. If so, they constitute not only a 
faunal but also a rock unit, which should be called the Tiffany 
formation. 
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VI. PALEOECOLOGY 


An examination of the sedimentary environments 
from which Paleocene pantodonts have been recovered 
might be expected to produce some information as to 
the type of general adaptation of the various pantodont 
species. However, no really consistent associations 
between given species and rock types, such as the occur- 
rence of Metamynodon in the channel sandstones of the 
Oligocene Brulé formation, has been observed. Panto- 
donts from the Silver Coulee beds of the Polecat Bench 
formation are recovered in almost all the types of 
sediments occurring in these beds, including coarse 
sandstones containing clay pebbles and plant material, 
relatively pure quartz sandstones, claystones, and 
mudstones. 

Patterson and Simons (1958: 7) have considered the 
possibility that Leptolambda was a more upland animal 
than Barylambda. In the Plateau Valley beds the 
former occurs only in stream channel sandstones, as if 
these individuals had been washed in from higher areas. 
Further, in the Plateau Valley local fauna Barylambda 
is much the commoner form, while in the Bighorn Basin 
it does not occur at all even though Leptolambda (which 
occurs with Barylambda in Colorado) is the most fre- 
quently collected pantodont of the Polecat Bench 
formation. These observations, taken together with the 
obvious anatomical distinctions between the two genera, 
strongly suggest that these forms inhabited quite sepa- 
rate environments. 

Titanoides specimens collected in the Silver Coulee 
beds were in most cases recovered from shales, but 
many isolated teeth and three partial dentitions in jaw 
fragments were collected from sandstones in two quar- 
ries in Big Horn County, Wyoming. In another 
region, the type specimen of T. primaevus was collected 
in mudstones of the Sentinel Butte shale member of the 
type section of the Fort Union formation, near Buford, 
North Dakota. Apparently no ecologic relationship is 
indicated by the types of sediments in which specimens 
of Titanoides are preserved. 

As recently as 1930 only three of the fifteen panto- 
dont species here recognized as occurring in the Pale- 
ocene epoch had been described, which suggests the 
comparative rarity of pantodonts. Such large mam- 
mals should theoretically have the best chances of being 
preserved during fossilization, and their relatively huge 
bones should facilitate discovery on exposure. Never- 
theless, since Cope first described Pantolambda in 1882, 
parts of only about 200 pantodonts of all species have 
been found in Paleocene beds of Torrejonian, Tiffanian, 
and Clarkforkian stages, and of these almost half are 
represented by single teeth only or by small lots of post- 
cranial bones. This total, moreover, is almost certainly 
disproportionately high because collectors do not often 
leave even fragmentary material of these unusual 
mammals in the field. The interest in pantodont remains 
shown by collectors in the past is evidenced by the 
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number of single pantodont bones in various Paleocene 
collections. 

The apparent rarity of pantodonts may be due largely 
to the conditions under which burial of mammalian 
fossils took place during the part of the Paleocene epoch 
in which they are known to have existed in North 
America, and not to real rarity at the time. This idea 
is suggested by the following observation: In one rela- 
tively small area of Paleocene sedimentary rock, the 
Plateau Valley beds of the DeBeque formation in Mesa 
County, Colorado, pantodonts are common, making up 
about twenty per cent of the fauna recovered. These 
beds are also characterized by an absence of microfauna 
localities from which, because of their large size, most 
pantodont specimens would naturally be excluded. 

The following calculations on the abundance of panto- 
donts in proportion to total mammalian faunas collected 
at the same levels suggest what types of sedimentary 
environments and collection techniques are most likely 
to yield pantodonts. It should be emphasized that the 
majority of the figures included here are 
approximations.** 

Tables 2 and 3 indicate that pantodonts are found in 
high frequencies principally in surface collections and in 
quarries such as those of the Plateau Valley beds, which 
include whole skeletons, or those of Big Horn County, 
Wyoming, where dissociated large bones and teeth of 
all sorts are found. Apparently the conditions of sedi- 
mentation which concentrated Paleocene mammalian re- 
mains in large enough quantities to make present-day 
quarrying practical, at least in many cases, also acted 
selectively to bring together specimens of roughly the 
same size range. In current deposition of sediments 
and detritus, including bones, on sand bars and mud 
banks along channels, size assortments of this kind are 


only 


TABLE 2 


NUMBERS OF PANTODONTS AND OTHER MAMMALS FROM 
THE PRINCIPAL TORREJONIAN AND TIFFANIAN 
LOCALITIES IN WHICH PANTODONTS OCCUR 


Provincial Formations and Panto- All % 
age local faunas donts Mammals | Pantodonts 
Torrejonian 1. Nacimiento, N. Mex. 54 2,564 2.1 
(Torrejon 1.f.) 
2. Upper Lebo (No. 2), 15 960 1.6 
Montana 
3. Polecat Bench, Wyo. 4 1,100 0.36 
(Rock Bench L.f.) 
4. Carter Co., Mont. 2 2,550 0.08 
(Medicine Rock L.f.) (teeth) (teeth) 
0 86 0 
(jaws) (jaws) 
Tiffanian 1. Melville, Montana 7 2,394 0.29 
(inc, Scarritt Quarry) 
2. San José, Colo. 1 112 0.89 
(Tiffany 1.f.) 
3. DeBeque, Colo. 46 210 21.9 
(Plateau Valley 1.f.) 
4. Fallon Co., Mont. 2 16 12.5 


(7-Up Butte Lf.) 


34 Data on total numbers of mammals recovered from Pale- 
ocene localities other than those of the Polecat Bench formation 
are derived principally from Patterson (1949: 270-271) and 


Wilson (1956: 82). 
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TABLE 3 


s OF PANTODONTS AND OTHER MAMMALS FROM QUARRIES 
\ SURFACE LOCALITIES IN THE SILVER COULEE BEDS 

lf IFFANIAN) OF THE POLECAT BENCH FORMATION 

or PARK AND BIG HorRN Counties, WYOMING 


NUMI 


— Panto- All % 
Ce . Locality donts | Mammals) Pantodonts 
Park C« 1. Princeton Quarry 0 594 0 
2. Fossil Hollow loc. 5 65 aa 
(Surface finds) | 
3. Miscellaneous other 12 | 228 5.3 
localities (largely sur- 
face finds) 
Big Hor nuinty | 1. Crocodile Tooth Quarry 30 77 38.9 
2. Cedar Point Quarry 7 170 4.1 
3. Jepsen Quarry 5 27 18.6 
4. Divide Quarry 4 27 14.8 
5. Ant Hill Quarry 2 80 23 
6. Miscellaneous other 10 45 223 


localities (largely sur- 
face finds) 


often produced. Similar conditions in the Paleocene 
would explain why no pantodonts were recovered in the 
large fauna of the Princeton Quarry, while surface 
collecting at the Fossil Hollow locality at approximately 
the same stratigraphic level has yielded tooth and jaw 
fragments of several pantodonts including both Titan- 
oides and Leptolambda. 

Simpson (1937a: 30) has pointed out that of the 
hundreds of mammalian fossils collected in the Crazy 
Mountain Field of Montana less than a dozen were 
associations of upper and lower dentitions and_ that: 
“Nothing approaching a complete skeleton has ever been 
found.” A similar situation obtains in the collections 
from the Polecat Bench in the Bighorn Basin, although 
associated dentitions are not quite so uncommon as they 
are in the Crazy Mountain field. Only one pantodont 
from this region of the basin (Polecat Bench proper ) 
has associated upper and lower dentition and postcranial 
bones. This is a specimen of Leptolambda schmidti, 
PU 14680, in which much of the anterior half of the 
skeleton is preserved. 

To the southeast of the Polecat Bench in the Bighorn 
Basin between Lovell and Greybull in Big Horn County, 
Wyoming, the Paleocene deposits have yielded many 
more isolated occurrences of pantodonts as well as 
higher percentages of these mammals in the quarries. 
This high rate of recovery of pantodonts suggests that 
either the environment or conditions of sedimentation 
were somewhat distinct in this region of the basin in 
Tiffanian time. 

A striking feature of the unassociated pantodont teeth 
from Crocodile Tooth Quarry in the SW | of Sec. 5, 
T 54 N, R 95 W, Big Horn County, Wyoming, is that 
most of the sixteen separate teeth of Titanoides and 
seven of the Leptolambda type exhibit an erosion of the 
dentine of the roots circling the bases of the teeth in the 
region of the edge of the enamel of the crown. The 


possibility that this erosion might be due to diseases of 
the mouth in these individuals has been suggested. Such 
erosion of the enamel does occur sporadically in man 
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and can resemble the condition seen in these teeth. 
Nevertheless, it is unlikely that such a high percentage 
of the pantodont teeth recovered from this one locality 
could have been diseased, and for this reason, and be- 
cause erosion is also present in dentitions of phenaco- 
donts and arctocyonids from the same quarry, it is more 
likely that the erosion of the enamel was brought about 
by post mortem action of some sort, perhaps by chemi- 
cal solution after burial, or just possibly in crocodile 
stomachs where the teeth may have served as 
“gastroliths.” 

A much more definite case of disease in the Panto- 
donta is indicated by the apparent effects of actino- 
mycosis present in the mandible of the type specimen 
of Barylambda faberi, CNHM P-14637 (see Patterson 
1933: 421). If the tumorous mass on the lingual 
margin of the left horizontal jaw ramus of this specimen 
has been properly diagnosed, then it would corroborate 
the suppostion that this pantodont was, at least in part, 
herbivorous. This is due to the fact that Actinomyces 
fungi are acquired almost exclusively from feeding on 
plant stems and blades where these organisms normally 
live. 

The major evidences of adaptations, and therefore 
ecology, of all fossil forms are most accurately derived 
from correlations of ecologic adaptations in_ living 
arimals and plants with their reflection in the structure 
of the skeleton or hard parts of present-day forms. 
Those features which can thus be determined are then 
used to clarify the significance of similar or identical 
structures in extinct organisms. The study of pantodont 
adaptations in this way is paradoxical, in that some 
structures, such as the clawed feet of Titanoides, are 
surprisingly easy to interpret, while other aspects of the 
anatomy of the group manifest adaptations so distinct 
from any living mammal as to make satisfactory expla- 
nation difficult. With regard to Barylambda faberi in 
particular, Scott (1937b: 480) well summarizes the 
difficulties of anatomical interpretation as follows : 


Like the Ancyclopoda of the Northern Hemisphere, and 
the Pyrotheria and Astrapotheria’ of South America, they 
[Barylambda and Titanoides] defy interpretation of their 
mode of life. because they are so totally unlike anything 
now living and so completely without relatives in the 
modern world, that little help can be found in analogies. 


In spite of this rather formidable warning, one is 
tempted to suggest hypotheses as to the adaptive func- 
tioning of skeletal structures in the various species of 

’aleocene pantodonts. Several possible adaptations of 
the pantodont anatomy have already been suggested 
where they were relevant to the foregoing taxonomic and 
anatomic discussions. The principal one of these 
features is the postulated digging function of the fore 
limb in Titanoides. Although there are no living herbi- 
vores that subsist mainly by clawing out vegetable 
matter, there are many living mammals such as Rangifer 
and other artiodactyls and perissodactyls which do so 


on occasion. Moreover, this way of life has been 
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suggested for several extinct forms including the clawed 
notoungulate Homalodotherium, the perissodactyls be- 
longing to the Chalicotherioidea, and the primitive artio- 
dactyl <lgriochoerus. The degree to which many of the 
bones of the anterior part of the body in Titanoides have 
apparently been altered by selection adapting the 
animal for the greater strains placed on the fore limbs 
and neck by its chalicothere-like way of life can be 
clearly indicated by contrast with Caenolambda, in which 
the unguals are not specialized. Although both forms 
possess enlarged upper canines and similar cheek teeth, 
the latter type has no suggestion of the enlargement of 
the cervical vertebrae, thickening of the clavicles and 
massive development of the coracoid process of the 
scapula seen in skeletons of Titanoides. 

Although the other three families of pantodonts are 
less striking in their adaptations than the Titanoideidae, 
they are quite distinct morphologically. Scott and Flerow 
have both suggested that Barylambda resembled the 
ground sloths. Certainly the huge tail and broad pelvis 
of this form suggest that it could rear back on the hind 
quarters, but the fore limbs in Barylambda are massive 
compared to those of most of the giant sloths. 

Patterson (personal communication) does not be- 
lieve that there was any similarity to the sloths in 
adaptation. The structure of the fore limb and espe- 
cially of the manus argues strongly against such a pos- 
sibility in his opinion. He suspects that Barylambda 
faberi was a semi-aquatic form, inhabiting soft, rather 
swampy ground, on which the large feet would have 
been useful in locomotion. The very powerful, laterally 
compressed tail could have functioned as an effective 
swimming organ. The great motility of the forearm in 
barylambdids may also be the result of a swimming 
adaptation. 

Pantolambda is relatively less specialized than the 
foregoing genera and its ecology more vague. Wilson 
(1956: 83) suggested that Pantolambda bathmodon 
might belong to a riparian fauna. There are some 
interesting resemblances, which may indicate a simi- 
larity of habitat, between the feet of the capybara (Hy- 
drochoerus) and those of the pantolambdids (except, of 
course, for the reduction of the hallux and pollux in 
the former). These resemblances are particularly evi- 
dent in the similar shape of the unguals, relative length 
of the phalanges, and sub-equal size of the digits. It 
would seem that in Hydrochoerus and Pantolambda 
the feet, with their small hooves and relatively separate 
digits, which would splay out and give valuable support 
in marshy ground, are an adjustment to riparian living. 
Furthermore, the large hooves of Barylambda and 
Ignatiolambda appear to be a more pronounced de- 
velopment of this quality—a development which is to 
be expected considering that the barylambdids may 
have arisen from unknown members of the Pantolamb- 
didae. 

Coryphodon has frequently in the past been said to 
have been river-dwelling, and this may be the case, 
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although the feet are much more elephantine, are ad- 
justed to a subgraviportal habitus, and have more rigid 
digits than in other families of pantodonts. The pha- 
langes are unlike those of barylambdids and suggest a 
different way of life, perhaps resembling more that of 
the hippopotamus. 

Frequently the posterointernal base of the lower 
canine in Coryphodon shows a deep groove, which, 
since it does not encircle the tooth, is not likely to be 
due to resorption along the gum line. Such grooves 
are often covered with striations suggesting that these 
aninals pulled up strap- or cordlike foodstuffs that 
were covered with sand particles (causing the stria- 
tions). Such worn surfaces have been observed on 
entelodont canines and by extrapolation from the mod- 
ern suids attributed to root-pulling feeding habits. 
This habit would also appear to have occurred in the 
coryphodonts. One other hypothesis that may be worth 
mentioning is that, since in some specimens of Cory- 
phodon there are very large canines (presumably ow- 
ing to sexual dimorphism), these animals may have 
formed small herds defended by larger males. Herd- 
ing is typical of ungulates and for Coryphodon would 
appear to have been confirmed also by the recent dis- 
covery at one site of about a dozen individuals of 
Coryphodon which appear to have been entombed at 
one time, according to Dr. G. G. Simpson (personal 
conununication ). 


VII. RELATIONSHIPS TO OTHER ORDERS 


The clarification of some of the details of the adap- 
tive radiation of the Pantodonta during the Paleocene 
epoch emphasizes that by the mid-Paleocene striking 
modification in the skeleton had already arisen among 
these primitive mammals. This diversity suggests a 
long unknown history for the order which Simpson 
(1945: 241) has categorized as one of “the most dis- 
tinctive of mammalian groups. Many general 
similarities to other early Tertiary orders have been ob- 
served, but the great majority of these must be re- 
garded as parellelisms derived from a common eutherian 
ancestry. Moreover, the range of adaptative distine- 
tions within the order renders uncertain the exact nature 
of the most primitive stock of this group. 

As the result of initial observations by Wood (1923) 
and later studies by Simpson and Patterson, it has been 
clearly demonstrated that the Pantodonta and Dino- 
cerata, formerly united in the order Amblypoda, repre- 
sent distinct groups, and that the correspondence in 
foot structure between Coryphodon and the uintatheres 
is entirely convergent. In the same way, the great 
elongation of the upper canines in Titanoides can be 
regarded as an independently developed similarity to 
the sabre-like canines of the Dinocerata. 

General resemblances to the upper molars and lower 
premolars of pantodonts have been noted in several 
early Tertiary orders. The simplicity of the basically 
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three cusped upper molar teeth of the Pantodonta per- 
uilarities in conformation § to 


mits s those of other 
orders ‘0 be seen and they are difficult to interpret. 
Flerow (1952), for instance, considered the dentition 


of Hapiolambda planicanina to be basically like that of 
the Inscctivora and Chiroptera and maintained that this 
pantod it was not herbivorous but insectivorous. It 
is true that the basically dilambdodont upper molars 
of the !’antodonta do resemble vaguely those of some 
insectivores, but similarities of the same degree are 
certainly not restricted to the unguiculate cohort. The 
large size of even the smallest pantodonts when com- 
pared to insectivores appears to rule out insectivorous 
feeding habits in the Pantodonta. That the pantodonts 
and other early Tertiary orders were to a degree om- 
nivorous is, of course, likely. 

Matthew (1937: 169) the 
upper fourth premolar of various Artiodactyla, par- 
ticularly the Anthracothertidae, to that of Pantolambda 
and Coryphodon. As there are few other similarities 
in the pantodont and artiodactyl skeletons, this agree- 


noted a resemblance in 


ment is almost surely due to convergence. More sig- 
nificant is his observation that the teeth of Pantolambda 
are like those of the Oxyclaenidae. This remark ap- 
plies only to Deltatherium which Matthew and others, 
regarded as an oxyclaenid. Comparisons of the basi- 
cranium of Deltatherium (see Matthew 1937: fig. 14) 
with that of Titanoides primaevus, illustrated here in 
figure 14, is suggestive of some kind of relationship. 
Particularly significant is the agreement in both forms 
in the general position and conformation of the ventral 
surface of the petrosal. There is in each case a broad, 
expanded region on the anterointernal surface of this 
bone which bears a central eminence. This prominence, 
however, is too large to be the promentorium cochleae, 
and in Titanoides, at least, does not contain the coch- 
lear canals. There is a general similarity in the upper 
molars of Deltatherium and pantodonts, but the pre- 
molars of the former are less molarized than those of 
the Pantodonta. Nevertheless, there is evident within 
the known history of the Pantodonta a tendency toward 
the enlargement and complication of the first and sec- 
ond upper premolars. These teeth shift from relative 
simplicity in Pantolambda bathmodon, where they lack 
the well-developed protocone of the P* and P*, to a 
stage, exemplified by the upper premolars of Titanoides 
or Coryphodon, in which the P? has a fully developed 
protocone, and the P' has an incipient protocone similar 
to that of the P* in Pantolambda. 


quence backwards, the hypothetical stage prior to that 


Projecting this se- 


represented by Pantolambda would be one in which 
only the P* had achieved the typical pantodont con- 
formation. Some arctocyonids and even tillodonts ex- 
hibit structural approximations to this requirement, 
though none of the known species of either group are 
old enough to be at all close to the ancestry of the 
Pantodonta. 
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To the many resemblances noted by Matthew (1937) 
among Periptychus, Ectoconus, Phenacodus, and Pan- 
tolambda bathmodon, should be added the character of 
retroflexion of the tibia, which occurs among the Panto- 
donta only in the latter species. Some retroflexion of 
the tibia is apparent in Periptychus and it is present 
to an even greater extent in Ectoconus. As outlined 
in Section II, Simpson (1937a: 266) has pointed out 
that the association of the periptychids with Panto- 
lambda in the order Taligrada is no longer defensible 
and has referred the Periptychidae to the Condylarthra. 
Nevertheless, Matthew (1937) observed some striking 
similarities between the two groups which should not 
As Simpson (1937) emphasizes, these 
forms, particularly the periptychids, cannot be ances- 
tral to the Pantodonta, since they are contemporaries 
of the earliest genera of the latter order. This situa- 
tion, however, is unavoidable in all considerations of 
the phyletic affinities of the Pantodonta, for no earlier 
forms are known which bear striking or significant 
resemblances to them with the possible exception of 
Deltatherium. All that can be done is to indicate their 
similarities to contemporary or later groups and to 
stress those features which suggest a common ancestry. 
Most of the more striking similarities of the pantodont 
dentition to the teeth of other mammals are almost 
certainly the result of convergence. Among such cases 
of convergence are the similarities between the lower 
molars of Coryphodon and more particularly Eudi- 
noceras and those of some of the macropodid marsu- 
pials, particularly Dorcopsis and Macropus. 
the bilophodonty of the upper molars of Dorcopsis 
also resembles, in a less striking way, the double-crested 
upper molars of Eudinoceras mongoliensis and Hyper- 
coryphodon thompsoni. The close correspondence be- 
tween the lower molars of the tapir and those of 
Coryphodon has been recognized since the time of 
Owen, but the agreement between Eudinoceras lower 
molars and those of this perissodactyl is even more 
striking. 

De Paula Couto (1952: 371) discussed the 
larity in the dentition of the South American XNenungu- 
late Carodnia, from beds of Paleocene stages in Pata- 
gonia and Brazil, with the teeth of both the Pantodonta 
and Dinocerata. The lower molars of Carodnia are 
somewhat similar to those of Coryphodon and they are 
still more like those of Eudinoceras mongoliensis. The 
remainder of the dentition of Carodnia is less pantodont- 


be overlooked. 


Moreover, 


simi- 


like. The manus of Carodnia exhibits features of both 


the coryphodont and barylambdid forefoot. Presum- 
ably this resemblance in the two orders with regard to 
foot structure is largely the result of their both having 
attained a sub-graviportal stature, and does not indi- 
cate close affinity. 

Comparisons of the pantodont dentition and skeletal 
morphology with many other primitive mammals have 


been made during the course of this study but apart 
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from the observations given above few new similarities 
of taxonomic significance between the Pantodonta and 
other mammals have been observed and these are of 
such a general nature as to be inconclusive. From 
this negative point of view new emphasis is given to 
the distinctness of this order. The observation that the 
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talonids of the milk premolars of Coryphodon and 
Barylambda are broader than in the permanent denti- 
tion may indicate that the relatively narrow talonids 
of adult pantodont lower molars are a comparatively 
recent acquisition in the Paleocene members of the 
Pantodonta. 





APPENDIX 


LOGARITHM OF RATIO DIAGRAMS 


The ogarithm of ratio diagrams included here were 
constructed in order to make possible easy comparison 
of ratios of proportion in the lower teeth of various 


pantod: t species. Lower dentitions were used in 
preference to upper teeth because they are represented 
in higher numbers of individuals and in more species 


than are the upper teeth. Teeth in the lower dentition 
are also more compact. structurally, since they lack 
tapering pre yjections such as the parastyle and metastyle 
of the pantodont upper premolars and molars, and 
consequently they are less easily broken. If either 
parastyle or metastyle on pantodont upper teeth is lost, 
neither transverse nor anteroposterior diameters can be 
accurately measured. 

Comparisons of measurements of bones of the re- 
mainder of the pantodont skeleton (other than teeth ) 
have not been made because distortion in all but a few 
pantodont crania, mandibles, and long bones makes their 
measurement unreliable compared to those taken on 
teeth, which are less often distorted. 

For those unfamiliar with the method of construction 
and use of such logarithm of ratio diagrams the follow- 
ing discussion is included. Additional comments re- 
garding similar diagrams are given by Simpson 
(1941: 23). 

Through logarithm of ratio plottings of this type it 
is possible to recognize similarities of proportion with 
the factor of different absolute size eliminated. If 
absolute proportions were plotted, then specimens which 
are identical in form and which differ only in overall size 
would not, in general, yield paralleling lines, and thus 
similarities in proportions of measurements would be 
less apparent. Furthermore, the use of the logarithm 
differences rather than the ratios themselves allows the 
plotting of more than two series of measurements of 
structures in such a manner that any two or all may be 
quickly compared visually. 

A simple example will illustrate this point. If the 
canines of three species were in the ratio 1:2:6, and 
the ratios of the second and third to the first were 
plotted linearly, with the first represented as the origin, 
then the distance from the first to the second would be 
two units, from the first to the third six units; hence 
the distance from the second to the third would be four 
units. However, the ratio of the third measurement to 
the second is not four, but three. On the other hand, 
if the logs of two and three were marked off, then the 
distance between the point representing log two to that 
representing log six would be log three, as desired. 


B. MEASUREMENTS OF PANTODONT DENTITIONS 


[he measurements included in the following pages 
have been taken as follows: All anteroposterior diame- 
ters give maximum length of the tooth near the base, 


on its long axis and parallel to the tooth row and jaw 
ramus, including the anterior and posterior basal cingula 
if they are present. Moreover, all teeth in each jaw 


are 


measured as if they were in a straight row, so 


that the anteroposterior diameter of the second incisor, 
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8. Logarithm of ratio diagram of dimensions of lower teeth 

of Coryphodon proterus (standard) as labeled, compared with 
the same measurements on twenty specimens of Coryphodon 
sp. of early Eocene age. Horizontal lines connect the ex- 
treme log differences measured in samples whose size is 
indicated by the number below the line. The broken ver- 
tical line connects the means of these log differences for the 
Eocene specimens of Coryphodon. 
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Fic. 9. Logarithm of ratio diagram, plotting lengths and widths 
separately, of teeth in all known barylambdid lower denti- 
tions and contrasted with the pantolambdid Caenolambda 


jepseni (standard). 


for instance, is measured from the part of the tooth 
nearest the third incisor to the part nearest the first 
incisor. 

Probably the least reliable anteroposterior measure- 
ments of pantodont teeth are those taken on the lower 
premolars and molars, for these teeth usually wear 
against one another on their anterior and posterior faces, 
and in some cases this friction has appreciably shortened 
the tooth lengths. Apparently this somewhat variable 
wear does not greatly reduce the usefulness of such 
measurements, for in Coryphodon at least, as illustrated 
in figure 8, the extreme ranges of the ratios of antero- 
posterior measurements are only slightly greater than 
those for the transverse measurements. 

Widths (transverse diameters) of the pantodont 
teeth measured are taken along the greatest axis of the 
tooth at right angles to the tooth row. 


An a following the measurement indicates a possible 
error of ten per cent or less. An e¢ after a measurement 
designates that there is sufficient evidence to justify an 
estimate for the measurement but that its correctness 
cannot be positively demonstrated. 


MEASUREMENTS OF DENTITIONS 


All measurements in millimeters 


1) Pantolambda bathmodon 
USNM AMNH AMNH AMNH 


Upper dentition: No. No. No. No. 
(Anteroposterior diameter) 15408 16663 16664 16665 
OTC CO ree 3.7 
Pe sreicn creche tereaned ; 3.8 
e 3; reer er ee Aas 5.3 
c 6d haere gala ace re 8.6 9.0 
ee nasal ata erences 6.0 6.1 
Bhi tare ae ea ep eee ae 8.2 8.0 8.2 6.7 
eis eceierst avant tae and 8.8 9.1 8.8 
BP ne ot erctangee sacar aocs ~-> 8 9.3 9.0 
eae pend tie ee 10.7 11.9 11.0a 10.3 
re eo ae eae hee 10.9 12.0 11.2 12.2 
M3 peewee aN aang ae 8.7 10.0a 10.0a 9.6 


Cc Dace erteus Peete ty tt 8.1 
_ eae gre Sea: 4.0 4.2 
esa ees ane 32 7.8 
Oe ee ere 12.8 11.8 
P* Pidta ec otkooat compel adiroes 13.9 14.0 
M! ere ee ee ee eh 15.1 16.0a 
M? Ware aaa ce 2 17.0 17.8 
Pon keerteic ea erence 17.3a 16.5 17.8 
Length from anterior margin of 
P! to posterior margin of P4 29.8 29.5 32.0a  30.0a 
Length from anterior margin of 
M' to posterior margin of M* 30.0 32.2 J1.3 31.5 
Length from anterior margin of 
C to posterior margin of M®.. 68.0 74.5 73.0a 


\MNH AMNH AMNH Kl 


Lower dentition: No. No. No. No. 
(Anteroposterior diameter) 2552 3958 16664 8072 
RP re ree 8.9 
We ses ectn cuore a 7.9 6.3 
Be steer ei one aks ae are 7.6 
Se ee pererterets 
Rae eters ease Pere timntgek 8.2a 8.2 
_ SPREE oe rrr 10.5 10.4 9.5 
lie somata a hearers 10.3 10.6 11.0 10.9 
ast rtes rick 45% sds ee 14.3 14.5 13.9 


(Transverse diameter) 


er eran Fees I 9.4 
ree ree 3.7 3.8 
OL Ee Salant 5.2 
eho ea eee a ees are kore a 

RE ere L 8.1 | i 

M,, trigonid .... 8.0 7.6 
Mz», trigonid ..... re a1 8.2 8.1 8./ 
Ms, trigOntd . .. ...5-%. 8.0 8.4 8.5 8.4 
M;, talonid ........... 8.1 7.8 iF 
Ma, taOnid «4.665. 7.8 8.5 8.4 8.3 
M,. taloasd . «2.6220... 8.0 7.9 a2 7.4 
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?) Pas ‘olambda cavirictus 


per dentition: 


(Ant poste 


Length from anterior margin of 
P! to posterior margin of P#.. 


Length from anterior margin of 
M! to posterior margin of M3 


Length from anterior margin C 


srior diameter) 


to posterior margin of M?... 


Lower « 


lentition: 


Anteroposterior diameter) 


Pe. 
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Length from anterior margin of 
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eee ee 
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Mi-M 
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3) Caenolambda je pseni 


Upper 


dentition: 


\nteroposterior diameter) 


I! (?) 
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wn 
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46.0 


110.1 


AMNH 
No. 
3961 
Type 
16.0a 
11.0 
11.8 
13.0. 
75 
19.5 
22.4 


16.0a 
9.1 
10.8 
11.9 
14.5 
15.0 
13.0 
14.4 
14.3 
12.0a 


60.0e 
57.0 


140.0 


MEASUREMENTS OF DENTITIONS 


AMNH 


No. 
963 


FZ. 
19. 
22 


23. 


43. 


106. 


os 
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wn 
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9 


bt 


Be Ran siniy Na ween ict a 
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Lower dentition: 
(Anteroposterior diameter) 


GR octet ateu ecaiiors Oe 


(Transverse diameter) 


Be ~daeat tending ats Seine a 
eo 
Ms, higG@md =... 0... 
Mi. trigonid .......... 
a 
A: 
M;, talonid ........... 


Length from anterior margin of 
P, to posterior margin of Ps... 


Length from anterior margin of 
M, to posterior margin of M; 


Length from anterior margin of 
canine to posterior margin of 


WAS havea ous sidepatlererenli seca 


4) Titanoides primaevus 


Upper dentition: 
(Anteroposterior diameter) 
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PU 
No. 
16490 
Type 
7.0e 
9.2 
10.0 
30.0 
12.2 
11.0 
11.6 
12.6 
15.6 
18.7 
19.0 


USNM 
No. 
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(Transverse diameter) (Transverse diameter) 
I! +.0¢ p2 Pee aneseige 18.0 
|? a ps 21.0 
[3 5.8 P4 a eolares 23.4 
C 19.3 15.0a M! Seiten har aLaare eres 22.0 
P! 9.0 8.9 M? 27.5a 
Pp? 18.9 AY 32.3 
ps 23.0 23.4 
Ps 24.0 27.6 Pt 
M! 22.2 25.0 4n.3 No. 
2 29 > R= Lower dentition: 13235 
a a aa os (Anteroposterior diameter) Type 
AY 32. 36.3 32. 
BAR Mone diate ak 11.0 
Length from anterior margin of Re trae ato ie ers 26.0a 
P! to posterior margin of P# 57.6 60.0 es sesa eee Misses eae 
; ; ; ; _f ee bn eeleinteis. eee 
Length from anterior margin of P, 18.0 
M! to posterior margin of M* 70.9 72.3 71.0a M, eee oe 1.7 
Length from anterior margin of M: 23.2 
C to posterior margin of M*.. 163.0 
(Transverse diameter) 
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No. CNHM _ 
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[3 13.7 M1, trigonid ....... 15.0 
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P, 13.0 trigonid Pha o 
P, 144 - talonid nen eres 2:3 
Pp 16.0a 16.0 M>, talonid 14.9 
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¢ oes ; 
: ! ~— 9 6) Titanoides zeuxis 
M: 27.9 24.0 \MNH CNHM Pl 
M 32.5 31.0 Lower dentition: No. No. No. 
(Anteroposterior diameter) 35201 P-15551 14617 
Transverse diameter) c 21.3 
P, 12.3 
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a4 Ps 13.0 14.9 
iE 1.8 P 14.8 
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. ”~ > - ? Pe ) 
Mz, talonid 17.3 15.3 oe eae | ap 
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Me, trigonid ....... 14.0 14.1 
Length from anterior margin of M:;, trigonid teveeeeees 142 14.3 
P! to posterior margin of P* 57.8 Mi, talonid 11.0 
7 Moe, talonid . . eee 
M,—-M ee 5 eis a ae a 72.6 Ms, talonid ........... 13.2 12.0¢e 
PG oo cncoswa skin en ene 175.4 
y 7) Titanoides majus 
5) Titanotdes gidleyi : PI 
Pl No. 
Upper dentition: No. Lower dentition: 16447 
\nteroposterior diameter) 14974 (Anteroposterior diameter) Type 
Pp? 10.0 P» eat aar ee 19.3 
ps 11.0 P; am eRe ereg HiT Oe 19.5 
ps 11.9 
Mi! 14.5 (Transverse diameter) 
M? .. 16.3 P. 14.2 
Ms 7.5 P; 5.6 
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a) T ides simpsoni 10) Ignatiolambda barnesi 
AMNH \MNH 
No. No. 
per dentition: 35720 Upper dentition: 55400 
Ant yosterior diameter) Type (Anteroposterior diameter) Type 
eee ede ee 11.5¢ C CR CE 
| . ee : 0. . 13.0a Pp? -é. ome} oe we . . es 10.4 
ccc tee eluke en. See PR tteeteeeeees sseeee 123 
id BR bet aN ah Fk ca tie alan ore 13.8 
BRE sais nkcnslinewn amet. 17.8 
M? ee revi teteeiess 18.0a 
Ir verse didmeter) Be oat a winetce na, See 
a ah te 15.3 (Transverse diameter) 
| 18.S¢ We cxeatncaticn tue 12.4 
ME eee e eee e eee e eee es 20.5 he cesietisck aes ix 
M 19.6 OP cethoinieonkuatuie 21.5 
Be 5 Gin Adama. See 
WE eeclaei cto tec ceca tees 23.9 
9) Haplolambda quinni M? ..........- 00s . 27.0a 
ai ~ Te 28.0a 
Lower dentition: No. 
Anteroposterior diameter) 16445 Lower dentition: 
(Anteroposterior diameter) 
P red en awe ews + ciao anna 13.7 
” aa eae acd a 16.5 P. 13.6 
Ps sete eeeeeeeees 102 Ps 13.7 
My, pian ie dace cece Ge 3 SE een 17.8 
M>, She caper Ee 19.0 Wik cosy Si anes 16.7 
M aeeaaune the. ee MR ore srt A Sates 20.0 
eee 23.5e 
Transverse diameter) (Transverse diameter) 
E Sac earn anne ae Re itecireven sees eae star ESS 
P se etacau dace: Ma A ee 9.2 
P, Entakcers orentiena ete 15.0a i 11.5 
M), trigonid .......... 15.2 FA tosriba snes ne’ +. oe 
Ms, trigonid .......... Ge Mi, trigonid eae eae 15.04 
a ie ne 13.3 M,, trigonid ee 
pie sess Ms, trigonid .......... %6828 
M,, talonid .......... 14.5 M,, talonid .... sacee 
| ee Mis, talonid) ... ... 00.55% 13.0a 
M5, talonid nents 12.0a M;, talonid .......... '3.3 
11) Leptolambda schmidti 
CM CNHM PU Pl PU PU PU 
Upper dentition: No. No. No. No. No. No. No. 
(Anteroposterior diameter) 11353 P-26075 14680 14879 14990 14996 16662 
Be ee aaakisies Sane 6.0 
|? eee ares : La 
Be eee send veeregteane ene 8.8 9.1 
Cc 5 Rube deo wan Samana eae o. DES 14.5 10.9 
a ; S iterduhih a aaa 15.0a 14.6 13.8 15.7 
p2 , eee ee ee 16.0a 18.0a 18.2 18.1 
P3 od cote eae eaedate 17.0a 20.5 17.0 17.8 17.3 
p4 en pieh whee koe 18.0a 17.0 
M! bio kievedere-aia bess 26.0a 23.0a 21.3 24.5 22.0a 
M? .. sip ec be 27.0a 26.0 23.5a 22.8 24.4 25.3 24.0a 
AY Sor sodueten aun eutvonee iets 21.0a 21.0 17.4 18.1 19.8 18.0e 


(Transverse diameter) 


un 
Nm 


[2 Pcalatesn akc mueets 6.3 

[3 Bs Mi ced each 9.0 6.8 

c whadaieaeme aes 13.5 15.0 8.8 

Be ct icca-d autxovas ee esticce 14.0 8.4 8.0 9.2 

p? ee eee 26.0 25.0 25.5 23.8 
P3 peer eh ec wise 29.5 24.2 25.0 27.0 26.6 
pe re ee coeheicoatte 32.0 28.0 
M'. star a NE eee ; 36.0a 34.5 33.24 31.6 28.0 
M? So ena eles Tee 39.0a 36.0 32:5 34.1 35.0a 39.3 32.0¢e 
AY pee 25.0a 34.5 30.0a = =31.2 33.4 29.0e 








x 


SIMONS: THE 


Lower dentition: 
(Anteroposterior diameter) 

ret eer re re 

I. 

a. peste aaa eee 

P, os sche ae waste alate 

Ps 

ee ae gate aoa ee Sor Se 

P, ene ewer 

M,.. ROR ere eer 

ee one ade 

M; 


(Transverse diameter) 


rE ; Se ae toa ote 
I. 

I; 

Cc 

P, eRe wey ees 
Ps Cet ureee oats 
Ws darkclins 

re eis ; eras 
Mi, trigonid ..... 
M>, trigonid ..... 
M:;, trigonid ..... 
M),, talonid . . 

Ms, talonid .. 

M>s, talonid .. 


12) Barylambda faberi 


Upper dentition 
(Anteroposterior diameter) 

|! 

[2 

[3 

C 

Pp! 

p2 

ps 

Pe ice ng areata 

M'. ERE 

ray career eae 

M?. Le eee ee 


(Transverse diameter) 


Length from anterior margin of 
P! to posterior margin of P*.. 


Length from anterior margin of 
M! to posterior margin of M% 


Length from anterior margin of 


PU 
No. 
14680 
8.0 
10.0 
'.5 
12.8 
13.5 
20.5 
20.5 


bre NR NW bo 
wre — 
—~-». 3 
ow }& 


a 
—_ 


6.0 
6.2 
7.0 
8.8 
8.6 
12.3 
16.0 
18.0 
17.0 
17.0 
16.3 
17.8 
17.0 
13.4 


CM 
No. 
8990 


21.0a 


onénN 


NR NM KW WK KS NY 
a 


-oOonNnnN = 
oo 


w 


20.0a 


C; to posterior margin of M* 193.0 


PALEOCENE 


PU 
No. 
14681 
8.8 
11.0 
‘27 
15.7 


21.5 
20.5 
21.6 
23.2a 
24.6 
30.4 


a 


—_— I OD 
we ~1 00 tS 


+ 00 00 00 OO OO OH 
mwNrnweowws 


eww 


AMNH 


No. 
32511 

6. 

9, 
iF 


wher ui 


18.0 
18.0 
18.9 
19.0 
tan 


NR bhNS bh 
—_ 7 
_ s 


70.0e 


~ 
w 
~~ 


161.0 
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PU PU CNHM CNHM 
No. No. No. No. 
14990 14992 P-15571 P-26075 
8.0 
10.5 
10.5 
12.3 13 
16.0 
19.0 19.0a 
19.0 22.5 
20.2 18.0 22.0 
21.8 21.0 19.0 25.0 
23.3 22.8 21.5 26.7 
29.0 26.1 25.0a = 31.5 
6.2 
7.0 
7.0 
fee 8.0 
8.6 
12.6 11.4 
15.0 18.0a 
17.0 17.0 20.5 
18.2 16.5 15.0 19.5 
N7:2 17.0 17.0 21.0a 
ee 17.0 16.0 19.0a 
16.0 16.2 19.5 
15.4 16.2 14.4 17.0 
2.5 13.4 13.0 13.5 
CNHM CNHM CNHM CNHM 
No. No. No. No. 
P-14944 P-14955 P-15075 P-25617 
7.9 
12.0 10.3 
18.8 18.0a 
15.8 18.0 
17.8 19.5 18.0 
18.0 20.0 19.0e 
18.0 24.0e 20.0 20.0 
25.0e 31.0 26.5 
26.0a 30.0 27.4 29.0 
20.0 24.0a 22.5 22.0a 
9.6 
12.7 11.0 
18.5 17.0a 
11.0 12.1 
23.2 30.2 31.5 
29.0 33.0 52.3 
30.5 36.0 36.8 31.8 
31.0e 37.0 37.8 36.0 
33.0e 41.5 42.5 40.5 
33.5 38.2 38.8 36.0 
75.0 
75.0a 12:5 
165.5 
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Lower dentition: 
(Anteroposterior diameter) 


oh 
Mes, trigonid ........4. 
Mis, (TIONG «os 56 canes 
Mi, talonid ........ 

Ma, talomid ..... 6.66004. 
Ms, CANOE. oi idcenss 


Length from anterior margin of 


P, to posterior margin of P4.. ’ 


Length from anterior margin of 
M;, to posterior margin of P, 


Length from anterior margin of 
canine to posterior margin 





AMNH 
No. 


3251 


A 
10.1 
11.0 
16.0 
19.2 
20. 
20. 
Zi. 
25. 
27. 
32.6 


NR hme ue 


we 


~ 


© Co 
nw 


14.6 
11.0 
15.6 
ti.3 
18.0 
18.3 
20.2 
19.1 
18.9 
19.4 


15.5 


74.0 


84.0 


1 


172.0a 


MEASUREMENTS OF 


CNHM 
No. 
P-14637 
Type 


10.0 


16.8 
19.0 
243 
21.0 
18.0 
18.0 
14.0 


63.0a 


79.4 


DENTITIONS 


CNHM 
No. 
P-14902 


1a 


11. 
22: 
18. 
? 


ao w 


— 


21 


21 
26.6 
29.6 


36.3 


mw 


89.0 


92.0 


206.0a 


CNHM 


No. 


P-14944 


5.8 
9.0a 


15.0 
17.0a 


8.0 


~ 
— 


9. 
14. 
16. 
16. 
17.9 
18.0a 
17.0a 
17.9 
16.9 
12.8 


an de 


“I 
st 


80.04 


181.0a 
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hic. 10.) Pantolimd did and titanoi leid upper dentitions. 


A. Pantolambda batimolon Cope. Upper left dentition — of 
USNM 15-198, reversed. Outline of cinine and incisors from 


AMNH Nos. 15353 and 15554. xX 3/2 


B. Pantolambda cavirictus Cope. Upper left dentition of USN M. 
21327, reversed. X 1. 


C. Caenolambda jepseni sp. nov. Upper right dentition of 
PU 14863. X 1. 


I). Titanoides gidleyi Jepsen. Upper left dentition, reversed. 


x k. 


I. Titanoides simpsoni sp. nov. Upper right dentition of 
AMNH 35720. X 3/2. 
I’. Titanoides primiaevus Gidley. Upper rizht dentition of PI 


16490 (type), iacisors omitted. xX 1. 











A. 


ic. 11. Barylambdid upper dentitions.  X 1. 


Barylambda faberi Patterson. Upper right dentition of 
CNHM P-15075; incisors, canine, and P* restored from other 
specimens principally CNHM P-14944. 


Leptolambda schmidti, Patterson and Simons. Upper right 
dentition of PU 14996. 


Haplolambda quinni Patterson. Upper right dentition; ca- 
nine, P' and P? reversed from left side, CNHM P-15542. 


84 














Fic. 12. The dentition of Jgnatiolambda barnesi, gen. et 
sp. nov., AMNH 55400. X 1. 
A. Upper right dentition as found. 
B. Upper left dentition as found. 
C. Restoration of upper right dentition, based on both sides. 
1). Lower right dentition as found. 


E. Lower right dentition, restored from both sides. 











Fic. 13. Comparison of barylambdid and 
pantolambdid mandibles. xX 1/2. 


Leptolambda schmidti Patterson and Simons. PU 14990, 
lateral view of mandible and lower dentition. 


Caenolambda jepseni sp. nov., PU 14863, lateral view of 
mandible and lower dentition; P! restored from left side. 


Caenolambda jepseni sp. nov. PU 14863, crown view of 
mandible and lower dentition; right P! restored from left 
side; left P? restored from right side. 


Leptolambda schmidti Patterson and Simons. PU 14990, 
crown view of mandible and lower dentition. 











Fic. 





14. Ventral view of a titanoideid skull. 1/2. 77- 


tanoides primaevus Gidley. Dentition and premaxilla _ re- 
stored from PU 16490 (type) of upper right side, and reversed 
on left. Details of palate and glenoid fossa of squamosal 
added from CNHM P-15520. Skull, based on USNM No. 
20029 posterior to dotted line at a with slight correction for 


distortions. 
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Fic. 15. The petrosal of Titanoides. 


A. Titanoides primaevus Gidley. Photograph of ventral aspect 
of right os petrous of PU 16490 (type). Scale about twice 
natural size. “Tympanophyal restored from CNHM P-15520. 


f.s. stvlomastoid foramen. 

d.f.n. dehiscence of facial nerve. 
fs.o. fenestra ovale. 

p.c. promentorium cocleae. 

fs.r. fenestra rotunda. 

g.st. groove for stapedius. 

d.aur.n. dehiscence of auricular nerve. 
S.C. support for corda tympani. 
th. tympanohyal. 


B. Titanoides primeavus Gidley. Generalized diagram of basi- 
cranium of Titanoides based on USNM No. 20029, showing 
position of os petrous figured above. Scale about one half 
natural size. 


9? 





s.ct. 
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d.aur.n. 


g. st. 






OSs petrous 









hic. 16. Pelves of Paleocene pantodonts. 


Pantolambda bathmodon Cope. Pelvis and sacrum of AMNH 


2 


16663. X 1/3. 
? Pantolambda cavirictus Cope. Pelvis of AMNH 
xX 1/4. 

Coryphodon sp. Pelvis of PU 14685 of Clarkforkian age or 


earlier. X 1/5. 


2455. 


Q4 














Fic. 17. Photographs showing presumed paratypes of Panto- 


A. 


lambdodon inermis belong to one individual. X 7. 


Pantolambdodon inermis Granger and Gregory. Unretouched 
photograph of the anterior face of the paratype last lower 
molar, AMNH No. 21748. Pointer indicates worn surface 
which exactly matches that on posterior face of lower molar 


of AMNH No. 22100, shown below. 


Pantolambdodon inermis Granger and Gregory. Unretouched 
photograph of posterior face of the last lower molar preserved 
in lower jaw fragment of the paratype specimen AMNH No. 
22100. Pointer indicates worn surface, which shows that 
this tooth preceded molar illustrated in A. 
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B. 


Fic. 18. Two new pantodont species.: 7/10. 


Coryphodon proterus sp. nov. PU 13400, crown view of par- 
tial lower dentition. 


Titanoides majus sp. nov. PU 16447, crown view of Po_s and 
anterior horizontal ramus of mandible. 


Titanoides majus sp. nov. PU 16447, internal aspect of 
mandibular ramus showing region of symphysis and P»-;. 
(Stippling indicates missing or damaged areas. ) 
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